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je motion by Mr. Hughes, seconded by Mr. Bornstein and 
unanimously carried, the minutes of the previous meeting 
were approved. 

It was moved by Mr. Guthrie, seconded by Mr. Harper and 
unanimously carried that local chapters be relieved of all respon- 
sibilites relative to convention activities, and that the National 
Society so organize as to assume all responsibilities and make all 
arrangements and plans for conventions, irrespective of the local 
chapter, which will function only in an advisory capacity. 

Upon motion by Dr. Jeffries, seconded by Mr. Hughes and 
carried, it was moved that subject to approval by the Detroit 
chapter, the 1927 convention and exposition should be held in 
Detroit, preferably during the week beginning September 15th. 

It was moved by Mr. Bornstein, seconded by Mr. Hughes and 
unanimously carried that the January, 1927, Sectional Meeting 
should be held in Washington, D. C. 

It was the consensus of opinion of the Board that Milwaukee 
would be a desirable place for the Spring Sectional Meeting in 
1927, 

Reports of committees were then received for the 1926 con- 
vention. 

Upon motion by Mr. Eisenman, seconded by Mr. Hughes and 
unanimously carried the sum of $4000.00 was appropriated to the 
Chicago Convention Committee. 
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The secretary reported that 76,000 square feet of space had 
been reserved to date for a total of $80,150.00 and that abo 
5000 square feet remained unreserved in the Steel Section. 

It was the consensus of opinion that the American Societ 
for Steel Treating should have an edueational exhibit at the Ch 
eago Convention and the National Office was instructed to prepa: 
such an exhibit. 

Upon motion by Mr. Bornstein, seconded by Mr. Hughes and 
unanimously carried, a committee composed of 
W. S. 


secure the services of an assistant secretary and such other help 


President Bird. 
Bidle, Dr. Jeffries and W. H. Eisenman was elected t: 






as might be necessary for the organization at the National Offic: 

President Bird gave the result of his visits with the executiv: 
committee of the chapters and their attitude toward an increase 
of activities in the non-ferrous field. Twenty of the chapters 
visited were in favor of further activities in this field, four were 
nonecommittal, while one chapter was opposed. 









President Bird also reported the result of his conference at 
Washington, held during the meeting of the Advisory Committee, 
on Non-Ferrous Subjects of the Bureau of Standards, at which 
many members of the Institute of Metals Division of the A. I. 
M. M. E. and the A. S. 8S. T. At this meeting 
splendid spirit of co-operation was shown and assurance of further 
co-operation by the Institute of Metals in the preparation of data 
sheets, etc., was given. 


were present. 


















It was moved by Dr. Jeffries, seconded by Mr. Hughes and 
unanimously carried, that the A. S. S. T. 
in connection with non-ferrous metals. 


increase its activities 


Upon motion by Mr. Hughes, seconded by Mr. Guthrie and 
unanimously carried, it was moved that power be delegated to 
the National Office to organize members into a group in centers 
where a desire for such organization is recognized and where dis 
tance renders attendance at present chapter meetings impracti 
cable, these groups be organized by and with the consent of the 
Board of Directors and that such groups shall have the same type 
of organization as the chapter and shall function similar to the 
chapter except that the group will have no representative on the 
National Nominating Committee. 


Upon motion by Mr. Bornstein, seconded by Mr. Guthrie and 
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nanimously carried, charters were issued to Fort Wayne and 
lontreal as groups. 

It was moved by Mr. Hughes, seconded by Mr. Guthrie and 
inanimously carried that student groups (junior members) might 
© sponsored by local chapters or by authority of the Board of 
directors. 

The Case Group organized among junior members at Case 
School of Applied Science and sponsored by the Cleveland chap- 
ter Was so recognized. 

The secretary presented a report on metallurgical educational 
activities in the various centers in which the A. S. S. T. has 
‘hapters as well as educational activities in which the loeal chap- 
ters are participating. This was accepted as a report of progress 
ind President Bird was authorized to make arrangements for a 
Metallurgical Educational Luncheon, to be held during the annual 
Convention of the Society at Chicago. 

Upon motion by Dr. Jeffries, seconded by Mr. Bornstein and 
unanimously carried, J. H. Gibboney’s appointment by President 
Bird as a member of the Recommended Practice Committee was 
‘onfirmed., 

President Bird reported the resignation of Robert Schenck 
as a member of the Recommended Practice Committee and the 
-ecretary was instructed to send Mr. Schenck a letter of regret 
and also an expression of thanks for his activity while serving on 
that committee. 

Upon motion by Dr. Jeffries, seconded by Mr. Bornstein and 
inanimously carried, the appointment by President Bird of H. M. 
Northrup, metallurgist, Hudson Motor Car Company, a member 
of the Recommended Practice Committee, was confirmed. 

Mr. Harper presented a progress report of the Recommended 
Practice Committee and particularly of the committee on Heat 
Treatment Definitions. This report was accepted. 

The question of free distribution of the Society’s publication 
to libraries and engineering societies did not meet with full ap- 
proval of the Board and it was the consensus that no gratis dis- 
tribution of the Society’s publications should be made but that 
Where possible and desirable, an exchange of publications should 
he effected. 

The question of a Membership Directory was given considera- 
tion and in view of the cost (approximately $3000.00), it was 
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deemed inadvisable to prepare a Membership Directory at 
time. 

Consideration was given to the question as to whether or n 
it would be desirable to change the Constitution so as to permit 
associate members to be eligible as vice-chairmen or chairmen 0! 
local chapters. 

Upon motion by Mr. Hughes, seconded by Mr. McCleary an 
unanimously carried, it was moved that nothing be done to chang: 
the class or privileges of associate members. 

[t was the consensus of opinion of the Board that it would 
be desirable that a letter of invitation, together with an executive 
pass for the Convention and Exposition to be held in Chicago. 
should be sent to those executives whose names have been fo 
warded by local chapters and who had already received the execu 
tive pamphlet. | 

It was moved by Mr. Eisenman, seconded by Mr. Hughes and 
unanimously earried, that the National Meetings and Papers Com 
mittee should prepare the technical programs for all sectional 
meetings after consultation with the local chapter in the city in 
which the sectional meeting is to be held. 

The question of free data sheets to new members, bound 
‘TRANSACTIONS free to new members for the first year and payment 
of expenses of delegates to National Conventions were not looked 
upon favorably by the Directors. 

Upon motion by Dr. Jeffries, seconded by Mr. Guthrie and 
unanimously carried, authority was granted President Bird to 
appoint such representatives on co-operative committees as ma) 
occur and require action. 

It was decided that the next meeting of the Board of Direc 
tors should be held in Chicago during the annual convention. 

Upon motion properly made, seconded and earried, the meet 
ing adjourned at 5:45 P. M. 


EXTENSION MEETINGS 
HE past year has shown a marked increase of activity on th 
part of the chapters of the A. S. S. T. in the holding of! 
extension meetings. While this has been engaged in for a number 






of years past, the plan has received renewed impetus since the 
visit of President Bird with chapter executives, at which time h 
pointed out the responsibility resting upon local chapters for in 
























at tl 
ror n 
) permit 


rmen 0} 


ary al 


» chan: 


t would 


xecutive 


| thieago. 
een fo 


€e exec 


rhes and 
rs Com 
sectional! 


eity in 


bound 
payment 


t looked 


Irie and 
Bird TO 


as ma) 


f Direc 
on. 
he meet 


y on the 
lding ot 
number 
ince the 
time hi 


| for in 





EDITORIALS 


creasing their services to nearby communities and also for the pur- 
pose of bringing to the attention of those who should be interested 
the advantages of membership in the Society. 

Without attempting to enumerate all of the extension meet- 
ings that have been held, it is interesting to note a few of the 
following: Boston at Lynn; Buffalo at Lockport; Cincinnati at 
Hamilton and Newport; Detroit at Ann Arbor; Golden Gate at 
Pittsburg; Hartford at New Britain; Lehigh Valley at Reading: 
Los Angeles at Torrence: New Haven at Waterbury and Bridge. 
port; New York at Newark; Rhode Island at New Bedford; Schen- 
ectady at Albany; Toronto at Hamilton and Washington at Bal- 
timore. 

For the coming year the Detroit chapter also plans to hold four 
extension meetings during the year at Ann Arbor, where the 
students of the University of Michigan, as well as the members’ 
of the Society in that vicinity, will have the opportunity to obtain 
benefit, and realize the excellent work being done by the local 
chapter. 


CHICAGO AND THE CONVENTION 

HICAGO, where the American Society for Steel Treating 

Convention and Exposition will be held the week of Septem- 
ber 20, is called the magic city of the world. Its rapid growth is 
phenomenal and probably unparalleled. The city proper is less 
than one hundred years old, yet it is now third largest in the world, 
with an area of about 200 square miles and a population of ap- 
proximately 3,000,000. Its growth is estimated at about 60,000 
per year. 

It is situated 190 miles northwest of the center of population 
and is accessible from every direction,—on three sides by in- 
numerable automobile roadways and the 38 railroads which termi- 
nate in Chicago; and on its easterly side by more than 22 miles 
of level lake front, which is adequately equipped with dock and 
railroad facilities. 

La Salle as early as 1682 prophesied that it would be the gate- 
way of a nation and rank foremost in commerce. He, doubtless, 
based his judgment on its strategic position and geographical ad- 
vantages. The development of the Lakes to the Gulf and the Great 
Lakes-St. Lawrence Waterways will result in Chicago becoming 
a highly important inland seaport. 
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Situated in the north temperate zone, its climate is delight- 
ful and of such a bracing nature that its citizens are energetic, 
ambitious and persevering. Its business principles are positive and 
sound. 

But in imagination let us go back to the early days. The boy 
who in answer to the teacher’s inquiry facetiously replied that Chi- 
cago was at the bottom of Lake Michigan, deserved much credit 
for his answer, for geologists are of the opinion that that was pre- 


Fort Dearborn in Its Early Days 


cisely the position it occupied in the long, long ago. The waters 
of Lake Michigan entirely covered this portion of the earth in the 
dim distant past. As the lake gradually receded, it left behind 
it a small river with two branches. Vegetation upon the marshy 
banks of the river grew profusely and here the Indians found the 
wild garlick, leek or onion growing in great abundance. They 
ealled this creek or river Checaugua. And here residing along this 
river the early French explorers found about 20,000 Indians. These 
were the Illini and their most famous chief was Checaugua, mean- 


ing the strong leader. The word Checaugua seems to have many 


interpretations but they always carry the underlying idea of 
strength. Though of lowly origin and pungent odor, nevertheless 
the little wild leek bulbs were hardy and nourishing and sustained 
many an early pioneer who might have died of hunger but for 
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them. Yesterday Chicago furnished the lowly leek to her guests, 
today she is a great metropolis feeding a hungry world. 

In 1675, Father Marquette found a lively trade in fur in prog- 
ress between the Indians and the French-Canadians in the vicinity 
of what is now Chicago. This was on the route from Canada to 
Louisiana. 

In 1763 the territory of what is now Illinois was ceded by 
France to Great Britain and in 1778 Captain Clark of Virginia 
took it by force from Great Britain. 

While the Indians and early pioneers called the river Checau- 
cua, the earliest settlement was known as Fort Dearborn, named 
after the then secretary of war. The first fort was built in 1803 on the 
south side of the river where it enters the lake. It was constructed 
by a troop of United States soldiers under Captain John Whistler, 
whose grandson was a distinguished painter of our day. The fort' 
consisted of two blockhouses which were enclosed by a palisade of 
wooden pickets, fortified with three pieces of light artillery. <A 
subterranean passage extended from the parade ground to the 
river. This furnished a place of hiding and a way of escape in 
an emergency for the occupants of the four cabins which were 
erected the first year and in time of siege it could be used to 
supply the garrison with water. 

In 1812, when war was declared by the United States against 
Great Britain, Fort Dearborn was evacuated, the inhabitants go- 
ing to Fort Wayne at Detroit. A second Fort Dearborn was built 
in 1816. In 1833 the town of Chicago was incorporated and in 
1837 it became a city and had a population of about 4000. It be- 
came a port of entry in 1846. In 1831 the first post office was 
opened and mail brought from Detroit twice a week on _ horse- 
back. Today, less than a century later, an average of 5,000,000 
pieces of mail is handled daily and its annual post office receipts 
amount to $55,000,000. 

Though Nature was lavish with her gifts to Chicago and pre- 
pared a place for a wonderful city by the lake, yet another and 
extremely vital factor enters into her greatness. It is said that 
the civilization of a people is an expression of that people and is 
the index of the character of that people. Let us remember that 
Chicago was originally set on a swamp below the level of Lake 
Michigan and that it was badly crippled and handicapped by the 
creat fire in 1871 and that prior to that time it had three fires 
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which destroyed much of its wealth, yet human ingenuity, enter 
prise and energy conquered. Their motto, ‘‘ Chicago first, last and 
all the time,’’ is good constructive psychology and surely they have 
justified it by their deeds. Thus this great city is an embodiment 
of its people. Now the question arises, who are its people, for 
nearly everything of note which has happened in Chicago is with- 
in the memory of those living, so young is Chicago. Her citizens 
are a combination of the best blood of New England and the 
South. Pioneers are ambitious people, daring, courageous, highly 
imaginative, hopeful, strong, persevering. From New England 
and Virginia came these marvelous men and women who settled 
here. In the State of Illinois these two great peoples met—and 
the result is Chicago. The unswervable bravery of the Pilgrim 
fathers and the gallant and chivalrous spirit of the southern ecav- 
aliers produced a new people, and a new city—Chicago. 

Idealism is deep-rooted in its people. They dream dreams 
and make them come true. The abounding faith of the citizens in 
their own city is one of the greatest assets of Chicago. 

Situated centrally as it is, this city has for many years been a 
favorite convention city. Here may be seen daily, people from all 
over the world in convention. It is the great meeting place of 
people and ideas. 

It is here in this great city of Chicago that members of the 
American Society for Steel Treating will hold their eighth annual 
convention and exposition September 20-24. 

This enormous exposition, the largest of its kind ever held, 
will be located on the Municipal Pier, which is situated at the foot 
of Grand Avenue. More than 75,000 square feet of floor space, 
exclusive of aisles, will be devoted to the exhibition of the many 
commodities, machinery and equipment which enter into the pro- 
duction of steel and its heat treatment. 

The amount of floor space to be occupied at this exposition 
will be nearly double that which was occupied at Cleveland last 
year. 

An excellent technical program has been arranged by the 
Meetings and Papers Committee which, together with the many 
other activities that go to make up the annual convention, prom- 
ise well that the Chicago Convention in 1926 will excel all pre- 
vious conventions. 

The Drake Hotel will be the headquarters of the convention. 
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MACROSCOPIC EXAMINATION OF IRON AND STEEL 
By F. P. GmuiGAN AND J. J. CURRAN 
Abstract 


This paper describes the deep-etch method of test- 
ing or inspecting steel bars, billets or finished parts. 
It discusses in detal the procedure to be followed in 
using this method of test and the merits of the various 
acid mixtures used in detecting the different types of 
defects occurring wm steels which may be revealed by 
this type of test. A comparison between this test and 
the macroscome test is made. 

The authors present a large number of photographs 
of specimens tested by this method and describe the 
nature of the defects as revealed. 


Eine different classes of structures are commonly dealt with 
in the examination of iron and steel—microstructure and 
macrostructure. The microstructure is made visible only by the 
aid of the microscope, hence its name. The examples of micro- 
structure which appear in print, usually at a magnification of 
100 diameters, represent small areas of the metal, rarely more 
than 0.05 inches in diameter, magnified to show the details of 
the internal structure. If the magnification is carried much higher, 
to 2500 diameters, for instance, the actual area shown in the 
photomicrograph will probably be not over 0.002 inches in di- 
ameter. 

As opposed to this, the macrostructure is that structure which 
can be made visible to the unaided eye. In macroscopic examin- 
ation, the area observed may be of any size within the usual range 
of vision. It lacks the extreme detail shown by microscopic ex- 
amination, but it has the advantage of showing the aggregate 
effect of these details, and on a seale which shows their relation- 
ship to the form and size of the section of material being ex- 
amined. 

Microscopie examination requires careful preparation of spec- 
imens, and the operations involved are such that extremely large 
sections cannot be prepared conveniently for examination. Fur- 


A paper presented before the Buffalo Sectional Meeting, January, 1926, 
by J. J. Curran. Of the authors F. P. Gilligan is secretary and J. J. Curran is 
metallurgist with the Henry Souther Engineering Company, Hartford, Conn. 
Both authors are members of the Society, the former being a past president. 
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ther, considerable experience and skill is necessary for accurate 
interpretation of the structures observed. 

Macroscopic examination, on the other hand, does not usually 
require such careful preparation, and complete cross-sections of 
the average steel object can be easily prepared for examination. 
The macrostructure, when properly developed, is usually prac 
tically self-explanatory, only a general idea of the nature of the 
metal and its method of manufacture being necessary to permit 
reasonably accurate interpretation. 

Macroscopic examination, while it does not supplant the use 
of the microscope, offers a simple, convenient method for the in- 
spection and study of steel. The object of this paper will be to 
discuss some of the methods, and to show some of the conditions 
which may be disclosed by such examination. In order to better 
understand the conditions which determine the macrostructure, 
a brief description of the mechanism of solidification of steel and 
its subsequent working is included. 

$y reason of the progressive nature of solidification, cast 
metals, unless extremely pure, are never entirely homogeneous. 
The presence of small quantities of a second metal or element 
as an impurity is in most cases sufficient to produce variations in 
composition from point to point in individual grains or crystals, 
and from point to point within the casting itself. Subsequent 
heat treatment of the cast metal will tend to eliminate some of 
the microscopic variations, and this action will be more complete 
if the material is mechanically worked at high temperatures, the 
easily diffused elements of impurities tending to migrate from 
the concentrated areas to the deficient areas until uniformity is 
established. Those elements which do not diffuse readily, or which 
do not enter into solid solution at all, retain their respective posi- 
tions and concentrations except as modified by the distortion pro- 
duced in the mechanical working. 

Steel, in its simplest form, is essentially an alloy of iron 
and carbon, containing varying amounts of manganese, silicon, 
aluminum, phosphorus and sulphur, and alloying metals like nickel, 
chromium, ete., in the case of alloy steels. Small amounts of 
oxygen, hydrogen, carbon monoxide, nitrogen, and other gaseous 
elements are also usually present. Some elements, as manganese 
and silicon, are essential for the production of a satisfactory 
steel; while others, such as phosphorus and sulphur, are undesir- 
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able impurities except in a few instances. Each of these ele- 
ments, desirable and undesirable, tends to alter the melting and 
solidification characteristics of the base metal, usually causing the 
metal to melt or freeze progressively over a range of temperature 
instead of at a single definite temperature, as in the case of pure 
iron. As their number increases this effect becomes more pro- 
nounced, so that in the average steel, containing from five to ten 
elements in addition to iron, their effect on the melting and solid- 
ification characteristics is profound. 

Steel, in the molten condition, ready for pouring, may be 
considered as a solution in pure iron of any or all of these con- 
stituent elements, and containing in suspension solid particles 
and fluid droplets of silicates, sulphides and oxides. When poured 
into the mold, solidification starts immediately. The first solid 
vrains or crystals are formed next to the mold surface, and, as 
heat is extracted from the metal and mold, these erystals grow 
towards the center. The freezing at first is rapid, then progresses 
more slowly, due to the slowing up of heat conduction from the 
metal to the mold and to the outside atmosphere, and due also 
to the fact that as the content of impurities in the portions still 
liquid increases, the freezing point is lowered progressively. 

At the same time, a contraction in volume is taking place 
due to the change from liquid to solid state, and due to constant 
lowering of temperature of the already solid metal. This con- 
traction tends to lower the level of the liquid metal in the solid 
shell, giving rise to a shrinkage cavity or pipe, unless means are 
provided to feed in liquid metal to preserve the original liquid 
level. 

During solidification, and during cooling from the freezing 
point, changes are continually taking place in the solid metal, 
the most important of which is a reversal of the effects of freez- 
ing. That is, the microscopic, and to some extent, the macroscopic 
segregation produced by the progressive nature of the freezing 
operation tends to disappear through diffusion. Those elements 
which are now in solid solution, and capable of easy diffusion, 
tend to distribute themselves uniformly through the solid metal. 
The less easily diffusible elements, as phosphorus, dissolved oxy- 
gen, and sometimes nickel, do not equalize in this manner, but 
remain in relatively high concentrations in the portions of the 
metal which were last to solidify. In these same areas will be 
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found also the major portion of the silicates, sulphides and ox 
ides, now called sonims, or solid non-metallic impurities—‘‘ dirt’’ 
—suspended in the molten steel at the time of pouring. If the 
steel is of the effervescing type, evolving considerable gas during 
the solidification processes, there will often be found blow-holes 
partly filled with the highly impure molten metal which was last 
to solidify, and which was forced into the blow-holes by the pres- 
sure of the contracting solid steel. 

Annealing of a casting, for example, an ingot, showing these 
characteristics, promotes further equalization through diffusion, 
and even those elements which diffuse with difficulty may be 
affected. The sonims, or dirt, however, cannot diffuse and are 
immobile in the solid steel, therefore their distribution remains 
unchanged. The large grains of the original casting may now 
appear under the microscope to be fairly well broken up by the 
annealing treatment, but macroscopically the steel will still show 
the cast or ingot structure due to the presence of the undiffused 
constituents and the accompanying sonims. Forging and hot roll- 
ing of the ingots into blooms, billets and bars promotes further 
diffusion, depending on the amount of hot work applied, and 
the ingot structure will usually be completely broken up by such 
working. Owing to the fact, however, that forging and rolling 
operations are attended by a reduction of dimensions in one direc- 
tion only, the incompletely diffused areas are now drawn out in 
the form of long filaments, parallel to the direction of rolling, 
giving the bar a ‘‘fibrous’’ appearance when longitudinal sections 
are examined macroscopically. This ‘‘fiber’’ is determined by the 
segregation present, that is, a bar made from an ingot which was 
relatively uniform and free from serious segregation will be rel- 
atively free from fiber, whereas a bar made from an ingot or- 
iginally badly segregated and dirty will show a pronounced fiber. 

The macrostructure of the steel is determined by the phe- 
nomena just described, and can be disclosed by numerous meth- 
ods, most of which have their peculiar advantages and disadvan- 
tages. These methods will be enumerated and discussed briefly 
here. 

Probably the oldest and simplest method of examining the 
macrostructure of steel is the fracture test. Another old method 
of examining steel macroscopically is the sulphur print, in which 
the distribution of the sulphide inclusions in the steel is disclosed 
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DEEP ETCHING TESTS 13 
Since the sulphide inclusions are usually found in conjunction 
ith other impurities which tend to segregate, the distribution 
f the sulphides is a fairly reliable indication of the distribution 
{ the other impurities and therefore of the homogeneity of the 
steel. Iodine solutions are used to indicate the regularity of 
distribution of elements in solid solution, but chiefly as to carbon 
ind phosphorus. Other methods employ reagents containing cop- 
per salts in solution. These show the distribution of the various 
elements by the manner in which the copper is deposited from 
the solution on the surface of the specimen. They are best adapted 
to show segregation of phosphorus and dissolved oxygen. Any 
or all of these methods will yield valuable data in the hands of 
an expert, but they require careful preparation and much skill 
in their application. 

The method which we consider the simplest, easiest to apply, , 
and most productive of information to trained and untrained 
observer alike, is the hot acid etch. In this method the specimen 
requires no polishing; a fine saw-cut or turned surface is usually 
satisfactory. Rough grinding will improve the detail, and is de- 
sirable when convenient. The specimen is immersed in a strong 
acid solution and kept at a nearly boiling temperature (about 
200 degrees Fahr.) until the surface is properly etched to reveal 
the structure. The solution may be any of the strong mineral 
acids, in varying concentrations, usually from 25 per cent up. 
Hydrochloric acid and mixtures of sulphuric and hydrochloric 
acid have been used in our practice with best results, in the fol 
lowing proportions: 

A. Hydrochlorie acid—9 parts by volume 
Sulphuric acid —3 parts by volume 


Water 1 part by volume 


B. Hydrochloric acid—-i parts by volume 


Sulphuric acid —1 part by volume 
Water —2 parts by volume 
C, Hydrochlorie acid—1 part by volume 
Water 1 part by volume 


All these solutions give practically identical results, solution 
A giving slightly better detail, with less tendency to rust sub- 
sequently, while taking nearly twice as long to produce the re- 
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sults, as solution C. Solution B represents a compromise betwee: 
the two, which has given satisfaction. 


After etching, the specimens should be washed thorough) 


in running water, preferably hot water, and dried quickly }) t 
pressing on a soft cloth, then washed with denatured alcohol and " 


dried, first on cloth, then by means of an air blast or breeze o| 
an electric fan. The purpose of these washings is to prevent rust 
ing. With some practice specimens can be prepared which wil 
retain their characteristic appearance for months without rust 
ing. For longer preservation, a coat of thin lacquer may be ap 
plied. Rusting is more pronounced with solution C, therefor 
most care is necessary in washing after its use. If the specimens 
are not to be photographed or preserved for reference, the alcoho! 
washing may be eliminated, and the specimens dried in the air 
blast directly after washing and drying on cloth. 

The action of the hot etch is simple. Metal that is sound and 
homogeneous and relatively free from inclusions or dirt will be 
only slowly and evenly attacked by the acid. If, however, con 
siderable quantities of inclusions are present, these inclusions will 
be quickly dissolved out, and the solution of the metal will be 
much more rapid, due to the increased surface thus exposed. 
As a result, metal containing large amounts of dirt, evenly dis 
tributed, will be deeply pitted throughout. Thus a section of high 
quality crucible steel will be only lightly etched, whereas under 
the same treatment common screw stock will be deeply pitted. 
Segregations will be made visible due to differences in solubility 
of the segregated metal, and also due to the fact that most of the 
dirt will be concentrated in the segregated area. Laps, seams. 
or other discontinuities in the metal will be made visible by the 
attack of the acid on the inclusions usually found in these defects. 

The flow of metal in forging and heading operations ma) 
be disclosed by means of the hot acid etch applied preferably 
to longitudinal sections, the changes in direction of the ‘‘fiber”’ 
being usually quite prominent. The etch may also be applied 
to show effects produced in the steel after treatment and in serv 
ice, as for instance, hardening cracks, grindine cracks, fatigue 
eracks, ete. 

In order to show the effects of the hot acid etch, a number of 
representative plates are included. These illustrate some of the 


more important uses and features revealed by etching samples 
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DEEP ETCHING TESTS 
countered in daily work in the laboratory. 

Fig. 1 shows the heterogeneous macrostructure of a bar of 
rought iron, as developed by the hot acid etch. The lightly 
tched portions, at E and F, have the characteristics of steel, 


vhereas the deeply etched and pitted portions are characteristic 


for true wrought iron. 





Fig. 1 Heterogeneous Macrostructure of a Bar of Wrought 
Iron, as Developed by the Hot Acid Etech. The Lightly Etched 
Portions, at E and F, have the Characteristics of Steel, where 
as the Deeply Etched and Pitted Portions are Characteristic 
for True Wrought Iron. 


) 


Figs. 2, 3, and 4, show the microstructure of the metal at 
the points marked E, F, and G, in Fig. 1, and corroborate the 
indications of the acid etch, i. e., the light etching portions, E 
and F, have a slagless steely structure, whereas at G the normal 
wrought iron structure is observed. Thus the hot acid etch may 
be useful to disclose adulteration of the wrought iron by the ad- 
dition of steel in the piling operation. The effect of inclusions 
on the resistance of the metal to the etch is well illustrated by 
this specimen. 

Fig. 5 shows the dendritic or ‘‘ingot’’ structure of a steel 
casting. The specimen was actually cut from the riser of a cast- 
ing, and shows the characteristic shrink or pipe. 


Fig. 6 shows the same dendritic structure persisting in a 
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‘forged’? die blank. The severe reduction in hot working ha 
not sufficed to break up this structure entirely. 

Fig. 7 shows the macrostructure of a badly segregated 2! 
inch square bar of 0.40 carbon steel. The hot acid etch has 


developed a picture frame effect in which the outer portion, o 





Figs. 2, 3 and 4—Microstiucture of the Metal at the Points marked E, F, and G, in 
Fig. 1, Corroborate the Indications of the Acid Etch, i. e., the Light Etching Portions, E and 
F, have a Slagless Steely Structure, whereas at G the Normal Wrought Iron Structure 
Observed. Thus the Hot Acid Etch may be Used to Disclose Adulteration of the Wrought 
Iron by the Addition of Steel in the Piling Operation. The Effect of Inclusions on th 
Resistance of the Metal to the Etch is well Illustrated by this Specimen. 


frame, is only lightly etched and the central portion, within the 
frame, is deeply pitted. A sulphur print of one-half of the cross- 
section of the same bar shows a similar frame—Fig. 8. 

In Figs. 9 and 10 the microstructures of the frame and cen- 
tral portions of Figs. 7 and 8 are compared. The segregated con- 
dition of the center of the bar is indicated by the higher volume 
of pearlite (dark areas) present and the streaks of ferrite (white 
areas) as compared with the smaller volume of pearlite and more 
evenly distributed ferrite in the outer portion. 

Analyses of drillings taken from the outer or frame portion 
of the bar, and from the central portion, indicated differences 
in composition as follows: 
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DEEP ETCHING TESTS 





Frame Portion Central Portion 


Per Cent Per Cent 
Carbon 0.336 0.427 
Manganese 0.49 0.55 
Phosphorus 0.030 0.052 
Sulphur 0.030 0.949 





Fig. 5—Dendritie or ‘‘Ingot’’ Structure of a Steel Casting. The Specimen was 
Actually Cut from the Riser of a Casting, and shows the Characteristic Shrink 01 
Ping 


Fig. 11 shows an etched section of a ease-hardened forging 
which eracked in hardening. It should be observed that the crack 
occurred at the point where the unsound segregated center of 
the bar was brought to the surface in the flash formed in forging. 
The unsoundness observed in this bar would not ordinarily be 
considered serious, but for this particular purpose, its effect was 
much more serious than expected. 

Figs. 12 and 13 show the macrostructure of good and bad 
bars of tool steel, approximately 254 inches in diameter. The 
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Fig. 6—Dendritic Structure f Fig. 5 Persisting in a ‘*Forged’’ Die Blank. The 
Severe Reduction in Hot Working has not Sufticed to break up this Structure Entirely 

Fig. 7—Macrostructure of a Badly Segregated 2% Inch Square Bar of 0.40 Carbon 
Steel. The Hot Acid Eteh has Developed a Picture Frame Effect in which the Oute: 
Portion, or Frame, is only Lightly Etched and the Central Portion, within the Frame, 
is Deeply Pitted \ Sulphur Print of One Half of the Cross-Section of the same Bar 
Shows Similar Frame—Fig. 8. 


good bar shows no appreciable pitting, whereas the bad bar shows 
many irregular deeply pitted areas. This bad bar, when made into 
tools, had a record of 100 per cent failure by cracking in hard 
ening. 

Mig. 14 shows the decarburized rim on a small bar of high 
speed tool steel. The depth of decarburization is excessive 1 
this instance. In many eases the hot acid etch will serve to show 





wp bai 


nal 


a ee 


a 


Oe —<—<— . | 


so 





r shows 
ide into 
n hard 


of high 


ssive ll 


Ke 


to show 


ian see 








DEEP ETCHING TESTS 








10—Miecrostructures of the Frame and Central Portions of 


Segregated Condition of the Center of the Bar is Indicated 
Pearlite (Dark Areas) Present and the Streaks f Ferrite (White 
the Smaller Volume f Pearlite and more evenly Distributed 





Fig. 11—Etched Section of a Case-Hardened Forging 


which Cracked in Hardening. It Should be Observed that 
the Crack Ocenrred at the Point where the Unsound 
Segregated Center of the Bar was Brought to the Surfac 
in the Flash Formed in Forging. The Unsoundness Ob 


served in this Bar would not Ordinarily be Considered 
Serious, but for this Particular Purpose, its Effect was 
much more Serious than Expected, 
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Figs. 12 and 13-—Macrostructure of Good and Bad Bars of 
Tool Steel, Approximately 25, Inches in Diameter. The Good 
Bar Shows ro Appreciable Pitting, whereas the Bad Bar Shows 
Many Irregular Deeply Pitted Areas. This Bad Bar, when Made 
Into Tools, had a Record of 100 Per Cent Failure by Cracking 
in Hardening. 
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‘he amount which must be removed from the surface of tool steel 


reach the normal metal. 


Fig. 15 shows characteristic flow or strain lines in a forged 


rine 





Fig. 14 
Steel. 
In Many Cases the Hot 
which Must be Removed 
the Normal Metal. 

Fig. 15—Characteristic Flow or Strain Lines in a Forged Ring. 
These Show the Direction of Flow of the Metal and do not Indicate 
Internal Stresses, as this Specimen was Actually Normalized and 
Annealed After Forging, Eliminating Any Possibility of Internal 
Stresses Being Present. 

Fig. 16—Cap Screws, the Heads of which Split off in Screwing 


Decarburized Rim on a Small Bar of High Speed Tool 
The Depth of Decarburization is Excessive in this Instance. 


Acid Etch will Serve to Show the Amount 
from the Surface of Tool Steel to Reach 


up with an Electric Screwdriver. The Hot Acid Etch Reveals a 
Lap on a Level with the Bottom of the Slot in the Head, which 
Undeubtedly was Responsible for the Weakness of the Heads. 


do not indicate internal stresses, as this specimen was 


These merely show the direction of flow of the metal and 


actually 


normalized and annealed after forging, eliminating any possi- 


bility of internal stresses being present. 
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Fig. 17—wSteel Balls After Etching. The Etching Characteristics of the 
Balls Indicate that the First, on the Left, was Turned from Bar Stock, and 
that the Second and Third were Cold-Headed. The Fourth Ball, on the 
Right, Appears to have been Hot-Headed. 

Fig. 18—-Another Example of the Ability of Etching to Disclose Hidden 
Flaws or Discontinuities in Steel is Shown in Fig. 18. Here, in a Section 
of a Crank Shaft which Failed in Fatigue, Several Unsuspected Incipient 
Fatigue Cracks were Found, which Microscopic Examination had Failed to 
Disclose. ‘‘A’’ Indicates the Actual Fatigue Fracture, “B’’ Indicates Two 
Incipient Fatigue Fractures. 

Fig. 19—-High Speed Steel Form-Cutter which Cracked After Grinding. 
Etching Indicated that Improper Grinding was Responsible. 


Fig. 16 shows several cap serews, the heads of which split 


off in serewing up with an electric serew-driver. The hot acid 
etch reveals a lap on a level with the bottom of the slot in the 






head, which undoubtedly was responsible for the weakness of the 






heads of these screws. 





f the 
(+, and 
n the 
lidden 
ection 
‘ipient 
led to 
Two 


nding. 


hich split 
» hot acid 
lot in the 


ess of the 








DEEP ETCHING TESTS 











Fig. 20—A Similar Condition is Shown in Fig. 20, Illustrating the 
Surface Cracks Formed on Roller Bearing Rolls by Careless Grinding. Such 
Cracks are Invisible to the Unaided Eye, or to the Microscope, but are Readily 
Made Visible by Etching. 

Fig. 21—Efiect Produced by Hardening Tool Steel which has been Stamped 
Deeply. The Stamped Figures Tend to Localize the Internal Stresses Set up in 
the Hardening Operation, so that Cracking Often Ensues. This is not always 
Visible to the Unaided Eve, but is made Easily Visible by Suitable Etching 
In Connection with this Particular Sample, it May be of Interest to Know that 
Cracking was Almost Entirely Eliminated by Simply Stoning off the Sharp 
Crests of the Numerals on the Stamps, to Give Fillets at the Bottom of the 
Impressions, 


Fig. 17 shows four steel balls after etching. The etching 
characteristics of the balls indicate that the first, on the left, was 
turned from bar stock, and that the second and third were cold- 
headed. The fourth ball, on the right, appears to have been 
hot-headed. 

Another example of the ability of etching to disclose hidden 
flaws or discontinuities in steel is shown in Fig. 18. Here, in 
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a section of a crank shaft which failed in fatigue, several unsus. 
pected incipient fatigue cracks were found, which microscop; 
examination had failed to disclose. ‘‘A’’ indicates the actual 
fatigue fracture, ‘‘B’’ indicates two incipient fatigue fractures. 

Fig. 19 shows a high speed steel form-cutter which cracked 


after grinding. Etching indicated that improper grinding was 
responsible. 


A similar condition is shown in Fig. 20, illustrating the sur 
face cracks formed on roller bearing rolls by careless grinding. 
Such cracks are invisible to the unaided eye, or to the microscope, 
but are readily made visible by etching. 

In Fig. 21 is shown the effect produced by hardening too 
steel which has been stamped deeply. The stamped figures tend 
to localize the internal stresses set up in the hardening opera 
tion, so that cracking often ensues. This is not always visible t 
the unaided eye, but is made easily visible by suitable etching 
In connection with this particular sample, it may be of interest 
to know that cracking was almost entirely eliminated by simpl) 
stoning off the sharp crests of the numerals on the stamps, to 
vive fillets at the bottom of the impressions. 

These examples are presented to show some of the hidden 
conditions which may be exposed by the simple macroscopic etc! 
described, and to indicate some of the fields in which it may prove 
of value to the steel user. No attempt has been made to set stand 
ards of soundness, ete., to be met by the various steel products. 
These can only be determined for each use, by careful study of 
the conditions surrounding each individual case. Careful study 
of the macrostructure of failed or defective parts is of the ut- 
most value to any steel user, in that it provides in the majorit) 
of cases conclusive evidence as to relation of the quality of the 
material to the difficulty, since all failures are not due to material. 

Just as no particular type of steel can be truthfully said 
to be the ‘‘best’’ for all purposes, so also can it be said that no 
steel is entirely “‘bad’’; no matter how bad it may seem to be, 
there is always some purpose for which it may be fitted. Careful 
and reasonable use of the macroscopic examination will often in- 
dicate for which service or purpose a given lot of steel may best 
be fitted. In the interpretation of the etch figures produced, 
it should be borne in mind that no steel is perfect throughout 
its entire mass; in fact, soundness and uniformity are merely rel- 
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DEEP ETCHING TESTS 

terms. The degree of soundness and uniformity required, 
or of unsoundness and non-uniformity that may be permitted, 
can be determined only by careful consideration of the use to 
which it is to be put. The steel user should use the same degree 
of intelligence and discretion in selecting and passing separate 
lots of steel for a given purpose as he does in the selection of 
labor. A ‘‘foreman’’ or ‘‘superintendent’’ grading or require- 
ment for a ‘‘hunky’’ job is frequently as wasteful as no require- 
ment at all. 


Discussion 


(CHAIRMAN Birp: Mr. Curran has in this experience talk given a great many 

strations of the practical utility of the hot acid etch. You have all had 
experiences contributing towards this subject, and we would all like to hea 
trom you. You have either had your own experiences, or will desire to ask 
juestions pertaining to what Mr. Curran has told you. The paper is open for 
iscusslon. 

G. F. Comstock: Mr. Curran’s paper was very interesting, but it seems 

me he was a little too enthusiastic in recommending deep etching. It 
ould be interesting to know what direct evidence he has that this method 
shows true dirt or oxidized inclusions. It has been our experience that deep 
etching attacks the sulphide inclusions but it does not seem to me that they 
should be classified as dirt. The term ‘‘dirt’’ should be confined to oxidized 
inclusions, such as slag and alumina. It has not been my experience that such 
nclusions are generally attacked by the acids used for deep etching. 

Another objection to deep etching for general use is that it fails to dis- 
tinguish between a pipe or a crack in the steel and segregated sulphides. 
‘hey are both attacked and after etching appear as eaten-out places. Sulphur 
prints, on the other hand, do distinguish between these two defects. Sulphide 
inclusions cause dark spots while a pipe or crack appear3 as a white spot on 
the sulphur print. In my opinion the only way to distinguish or estimate the 
amount of true dirt in steel is by a microscopic examination of a carefully 
polished, unetched section. 

J. J. CURRAN: Microscopic examination undoubtedly will show the amount 
of dirt if enough sections are examined. On the other hand, with the hot 
wid etch one can examine in just one operation a whole cross section and 
may observe the differences in structure caused by inclusions, whether they 
ire sulphides or oxides. For example, in the case of wrought iron, 
neither sulphides nor oxides exist alone. A rather complex slag contains 
both of them, and a lot more beside. The slag streaks show up quite prom- 
inently on deep etching. A crack or a pipe, which would be large enough 
to leave a white streak on a sulphur print, could not fail to be large enough 
to be visible to the naked eye without deep etching, and I do not see where 
there could be any question as to its true nature without either deep etching 

sulphur print. One specimen that I showed, (not included in paper), 
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a supposedly very high grade steel, contained 1.10 per cent carbon or 1 


abouts on the outside. The center portion, which was relatively unatt: 


Let 
by the etch, although it did have several very deep pits in it, showed a micro 
scopic structure corresponding to a 0.60 per cent carbon steel. A micro 
scopic examination was made after the deep etch. One of the very deep pits 


which appeared in the central section was exactly in line with a strea} 
alumina conelusions, which I failed to point out on the slide on the screen 
(Apparently, therefore, the deep eteh will dig out and disclose the alumina 
inclusions. I believe it will dig out any sort of inclusion; any change in con 
tinuity in the metal will show up to some extent in the deep etch. The 
difference in solubility o° two different metals, or the effect of the acid going 
around an inelusion will be arly shown on the surface. 

Dr. J. A. MATHEWS: practical application of macro etching js 
rather a new thing and Mr. Curran has referred to the simplicity of the pr 
cess as compared with exhaustive microscopic studies. He has also mentioned 
that it does not take nearly so much experience to use it. I am inclined 
to differ with him in that regard, because I have had a great deal of exper 
ience lately in connection with the crimes that are committed in the name ot 
macro etching. I have seen a great many things, none of which were as 
bad as the lantern slides shown there, in steel rejected as 


a result of th 
macro etch. In the first place I find the time of boiling with different labora 
tories anywhere from 5 minutes to an hour and a half in the same acid whic! 
Mr. Curran mentioned. In an hour and a half the steel generally looks lik 
Swiss cheese. Steel, except for a few inelusions, is soluble in hydro 
chlorie acid, if given time enough, It is attacked in a differential way, 
usually beginning, as Mr. Curran said, at points of chemical differences ii 
chemical concentration of the constituents. However, the action of the acid, 
depending on the time, magnifies that defect quite as much as your micro 
scope is likely to. They look a great deal worse after the macro eteh than 
they really are in fact. It is like putting a microscope on a more minut 
defect and enlarging it a hundred diameters or more, depending on the tim 
of your macro etch. If I had known this paper was ‘‘ macro structure’’ instead 
of ‘‘micro structure’’ I would have brought along a few photographs myselt 
one particularly where a tool that was sent back to us had made an exce| 
tional record. We thought we had better examine it and see what made the 
tool so good. On macro etching a section we found a dendritie pattern that 
looked like the linoleum on the kitchen floor. This particular tool had headed 
over 500,000 one-inch bolts cold and it also showed a few pits exactly at the 
center where the hardest work was done. I do not think it is something fo! 
the inexperienced to handle. It takes quite as much, if not a little more. 
experience I should say from my experience in connection with it, than th 
use of the microscope; at least, there are more people who can use tht 
microscope properly than there are who can use macro etching up to dat 
and properly interpret the results. 

J. J. CURRAN: I quite agree with Dr. Mathews that any one of our tests 
can be used improperly. A certain amount of experience is necessary, at least 


a certain amount of level-headedness and reason. It is possible to be to 
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ng in the interpretation of any test. You spoke of a heavy die that 
showed a dendritic pattern: We had some cases of extremely dendritic 


= 


material made into dies and followed their record some time ago, and they are 
going yet. I am not sure that these drawing die tests were really a sensitive 
test of the material. If it were used for some other purpose it is possible it 
might cause trouble. So far we have only negative results, but I still have 
my suspicions about it. We like to test tools that have made exceptional 
records, either exceptionally good or exceptionally bad, just to run a deep eteh 
test on them to see if we can find out what the effect of structure is. It 
we have a lot of tools that are showing poor service and they show a uni- 
formly bad macrostructure, whereas the good tools, pr tools that are giving 
sood service, show good macrostructures, it is fair’ .casonable to say that the 
macrostructure has something to do with the formance of the tools, and 
may be used as a test in the selection of material for the purpose. 

H. M. BoyLston: I would like to join my testimony to that of Dr. 
Mathews and Dr. Comstock. After an experience of some twenty years in the 
se of the hot acid etch, | think perhaps the reason that no more has been 
written or printed on this subject is because of the difficulty of interpreting 
the results. I like very much to use the hot acid etch, but I always like to 
confirm it with other tests. If you want a birds-evye view of Buffalo you take 
a photograph from the air, and take a picture of the city as a whole. But 
if you wish to find your way about the streets you get a map of the city. 

One point that Mr. Curran did not bring out, which I think might have 
been shown, and that is that the macro-etch often points the way to the 
selection of proper micro-specimens. I am inclined to agree with Dr. Comstock 
about the deduction in regard to non-metallic inclusions with macro-etching ; 
the microscope is more valuable. 


W. J. MERTEN: 


extent post mortem examinations on failures of materials, and are particular- 


The pictures that were shown here, were to a great 


ly dangerous to attack from a standpoint that Mr. Curran has attacked them. 
My own experience teaches me that there are various conditions that might 
have produced failures which are entirely foreign to impurities of the material. 
Concentration of stresses from sharp fillets and sharp tool marks is readily 
conceivable and are much in evidence and it seems to me produce the failures 
in even the best grade of a steel. I have found that sulphur printing will 
in a great number of cases bring out the evidence in much clearer fashion 
and permit judgment of the cause of the failure, it also eliminates, or, rather, 
prevents some unsatisfactory conclusions which way be arrived at by the 
deep pitting effect of the hot acids. The evidence that was presented in 
regard to the grinding cracks is also of a dangerous character. We know 
that there are strain lines produced by grinding of an extremely hard surface 
which will give a preferential etching effect and produce a crack by deep 
etching where a crack has not been previously evident. It appears to me that 
the danger of drawing wrong conclusions from deep etching is evident. 


H. E. SmirxH: We try to write careful specifications, then we inspect 


+} 


le material and test it, find it fully meets the specifications, and after awhile 
we examine it to see why it broke after we first passed it. I would like to 
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emphasize what has been expressed, that no one test always tells the stor 
does a certain small variation which is found in chemical compositio. 
tensile strength or what not, necessarily indicate causes cf failure. We 

as has been said, a sharp fillet, or something of that kind, and if the 
piece happens to be a little off in chemical composition, it does not ; 
that a hundredth of a per cent of phosphorus or sulphur has caused 
failure. The macro-etching is useful in locating points for selecting tens 
specimens, or other specimens, for further examination. We quite frequent 
precede it with a sulphur print. It is not a serious matter to get a piec 
or 12 inches in diameter, smooth enough for sulphur printing, and nitr 
aleohol etching. By the way, that is a very useful preliminary agent on 
12-inch slice of an axle, or something of that kind. It frequently shovy 
details not brought out in the deep etching. It will show the changed materi 
just below an acetylene weld or a built-up portion, when the piece has not 
been annealed. That is a frequent cause of fractures. It is quite desirab| 
examine the unetched surface very carefully first after it has been careful 
polished. That will help to distinguish between actual pores and som 
clusion which is later etched out by the acid. Often a little magnification, 
hand Jens, of 10 or 20 diameters, is very useful. No particular illuminat 
is needed. 

One thing in regard to wrought iron I would like to mention. Oft 
times someone who has not studied it very much will find steel that is n 
there. A light spot in etching a piece of wrought iron is not necessarily ste 
Much of the iron used commercially is piled material. There is quite a bit 0! 
re-worked scrap in the pile, maybe a piece of iron that is quite new, tl 
has not been used over at all, not very much solidified. There may bh 
another piece that is harder and denser, has been piled more than once, a1 
that will show a white or light gray spot. Examination of a great many su 
spots by taking drillings with a very small drill, determining the composition, 
shows they aré not steel at all, but a little bit harder iron, but they are ofte 
called steel in looking merely at the etching. A bar of steel in a pile of iro 
is usually much whiter than such spots I have mentioned. 

B. H. DELoNG: An experience which recently occurred to the speak 
may be of interest in connection with the investigution of tool failures. A 
complaint was entered that some rather large and expensive dies had failed 
in service. Upon investigation it was found that pieces had been cut fro 
these failed dies and deep etched. All the tools showed # common character 
istic upon deep etching, and this characteristic had been pronounced the caus 
of failure. There was some question in the speaker’s mind as to whether th 
condition shown by the deep etching was really responsible, and the questio! 
was asked as to whether any dies which had given good service had bee! 
similarly deep-etched. The reply was that it was not considered necessary t 
destroy for investigation purposes tools which had given satisfactory service. 


The principal involved in this experience is one not uncommonly met in thi 
investigation of steel failures. We do a great deal ef investigating to find out 


why steel parts fail, but do not do enough investigating to find out 
why they do not fail. I belieye that if we could work more broadly along these 
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and learn, not less about parts that do fail, but more about parts that 


good service, and thereby secure both positive and negative evidence 


on problems of this character, we would add considerabe to the accuracy 


our deductions. 

H. M. Boytston: I think another etching agent for macro-structural 
ork which has been very much overlooked is the so-called Le Chatelier-Les 
Moyne agent which I think is described in the A. 8. S. T. data sheets. This 
; a euprous chloride solution with alcohol and a little water, and containing 

drochlorie acid. The specimen is immersed until the copper is plated out 
it, then the copper plating is washed off with 2 piece of cotton immersed 
strong ammonia. It often brings out a beautiful structure which is very 
ipful. Incidentally this reagent will also help to bring out grinding cracks 
or stresses, (potential grinding cracks), as Mr. Mcrten has suggested. I do 
not agree with Mr. Merten that an internal stress is any less dangerous than 
natural grinding crack, because you cannot tell when it is going to turn into 
erack. 

[ would also like to say that in the ordinary hot acid deep etching test 

it is sometimes helpful if the piece of etched material is rubbed gently over: 
piece of fine emery paper for just a few moments to give contrast. It 
often brings out the ‘‘ forging lines,’’ very clearly. 

W. J. MerrTenN: May I add a few words in regard to the examination 
of materials without any deep etching for segregation and structural ir- 
regularities. I do not believe there is anything more simple than to take a 
har, put it under a cold shear and shear a piece from it and examine the 
section for crescent marks or torn folds, which definitely establishes whether 
the material is sound or not. It is the only thing necessary for that purpose | 
find always entirely effective in my work. I never failed tc detect a segregated 
section by a erescent mark. A crack produces a sliver which markings are 


particularly well defined in high carbon steels. 


Author’s Closure 


The discussion of this paper has consisted largely of criticisms of im- 
proper uses, technique of application, and interpretation of the hot acid etch. 
There has been no definite criticism of the method when used for its proper 
purposes, when the etch was properly applied, or when interpretation was 
made with a moderate amount of thought and common sense. 

The use of the hot acid etch to distinguish between various types of 
inclusions, as mentioned by Mr. Comstock, is not, and has not, been recom 
mended by the authors. From the steel user’s standpoint the type of inclu 
sions present is of no consequence. He is interested only to know when they 
are present in excessive amounts or when they are seriously segregated. The 
question of the actual type of the inclusions present is, or should be, of 
interest to the steel maker, and he is, or should be, acquainted with acceptable 
methods of identification. 

Dr. Mathews has criticized the wide variation he found in etching time 

nd concentration of etching reagents. It is desirable that these conditions 
e standardized within each plant, and between different plants, as far as 
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ent types of material. For instance, wrought irons usually etch satistacto) 
in 15 to 30 minutes, whereas structural and tool steels require longer peri 

Objections made by Mr. Merten to post-mortem examinations are grow 
less, since most of the data on which he bases his own conclusions must h 
been derived from ** post mortems’’ of one type or another. The only | 
sible objection which can be made to post-mortems is the improper us« 
them, that is, where post-mortems are confined to failures alone, and not 
successes. This important point has been rightly stressed by several of 
speakers in the discussion. The use of post-mortems of failures to illustr 
this paper is necessary—if failures never occurred there would be no nec 
sity for any methods of examination and inspection. 

As Dr. Mathews has inferred, most of the extremely bad specimen 
shown are uncommon, nevertheless, they are common enough to cause the st 
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ping secondary spines at angles of 90 degrees. 


A STUDY OF DENDRITIC STRUCTURE AND CRYSTAL 


FORMATION 


By BRADLEY STOUGHTON AND F. J. G. Duck 


Abstract 


The authors of this pape r discuss the formation of 
dendritic crystals in over-heated high carbon steel and 
present al study of such crystallization. Comparison is 
made, both in structure and hardness, with a normal file 
steel of approximately the same composition. 

Evidence is offered, through the inter-crystalline 
rupture of the over-heated steel, that the amorphous 
metal hypothesis does not hold when the crystals are 
large and there are correspondingly large surfaces of 
cement. Following the same reasoning, vt is thought 
possible that the inter-crystalline rupture of metals at 
high temperatures is due to the large size of the crystals 
at those temperatures, as contrasted with the ir small size 
at normal temperatures. 

It is assumed that the smaller crystals, as well as the 
inter-lamellar crystals, that occur throughout the eutec- 
toid areas, were formed as a result of the tremendous 
pressure brought about by the expansion of the material 
in its change from austenite to pearlite. 

Several photomicrographs are presented in support 
of these conclusions. 

It is also stated that the Brinell hardness numbers 
of any steel vary Inve rsely as the size of its constituent 
crystals, although no attempt is made to show any rela- 
tion between them. 


JEN metals crystallize from liquid masses they commonly 
form in long erystals having a central spine from which 
lateral branches grow at right angles, these branches again devel- 


ut in the large columnar erystal illustrated in the TRANSACTIONS 
{ the American Society for Steel Treating, July, 1925, page 53. 
The interferences, in what Henry M. Howe has ealled the pine-tree 
type of erystal, are brought out by the photograph of a surface 


A paper presented before the Cleveland Convention of the Society, Sep 
tember, 1925. Of the authors, Bradley Stoughton is professor of metallurgy 
I. J. G. Duek is instructor in metallurgy, Lehigh University, Bethlehem, 


The authors are members of the Society. 
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of cast antimony in Fig. 1 and by the Tschernoff crystal repro 
duced in the Metallographist, Vol. 2, frontispiece.* . 

Rarely can one see the actual structure of such crystals in 
three dimensions, because our usual method of examination 
quires cutting and polishing the metal in one plane. In addition 
to this limitation, metallographic examination reveals only the re 
sult of crystal growth under limited circumstances due to com 
plicated interferences. We, therefore, sought an opportunity o| 
examining a crystal growth large enough to be seen with the un- 
aided eye, yet also capable of microscopic examination. 

A dendritic growth of steel crystals, produced by casting the 
metal at a high temperature, afforded an opportunity of studying 
this type of crystal. The analysis of the material was as follows: 


Per Cent 


FP Soe SS ee eek Rea aia ohuliaslg hacen ae 
Pe ee a eR ee 
OO ci ih alia ee 0.22 
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The metal was too tender to endure rolling or forging with 
out cracking, and a specimen was, therefore, easily obtained by 
breaking with an ordinary hammer. The original specimen is 
illustrated in Fig. 2, which shows the coarse crystallization, as 
well as the presence of a few blow-holes. In order to show the 
erystal structure of the fracture, and the large facets of the in 
dividual crystals, Fig. 3 is reproduced at a magnification of two 
diameters. As a comparison with normal steel, we have included 
Fig. 4 at four diameters, which is a normal flat file steel (as 
rolled), having the following composition: 





Per Cent 


SS ow wees Jes 5-2 eect a cea 1.16 
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An examination of Fig. 3 indicates that the metal has frac 
tured by the tearing apart of the crystals along the inter-crystal- 
line cement, instead of by normal intra-crystalline rupture through 

*This crystal has been reproduced in a number of publications, notably H. M. Howe’s 


“Iron and Steel and Other Alloys,” and in Dr. Albert Sauveur’s “‘Metallography and Heat 
Treatment of Steel and Cast Iron.” 
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avage planes. In order to show this more clearly, Fig. 5, of the 


unpolished fracture, was taken at a magnification of thirty diame- 


rs. This reveals how the erystals have been torn out bodily 





Fig. 1—Photograph of the Surface of Cast Antimony. 44x. Fig. 2—A Fragment of a 
Specimen of High Carbon Steel, Showing a Coarse Crystalline Condition. Actual Size. 


through the failure of the inter-crystalline cement. Confirmation 
of this is found in Fig. 6, which is a polished but unetched sec- 
tion of the strained metal showing rupture between the crystals. 
Note: The relatively greater hardness of the inter-crystalline 
cementite prevented polishing to a perfect plane surface. Fig. 6 
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was, therefore, taken with an intentional distortion of the focu 

in order that the elevated crystal boundaries would be more e\ 
dent. ) 





4 


Fig. 3—Photograph of the Specimen Shown in Fig. 2, Magnified 2 Diameters. Fig, 4 
Photograph of a Fractured Portion of a Piece of High Carbon File Steel. 4x. 


AmorPHOUS METAL HYPOTHESIS 
Evidence for the hypothesis of the amorphous, or vitreous 
character of the inter-crystalline cement of steel and other met 
als rests largely on the argument that the cement behaves like 
a vitreous substance because it is stronger at atmospheric tem- 
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ther met 
: F Fig. 5—Photomicrograph of an Unpolished Fracture of the 

iaves like Specimen Shown in Fig. 3, Taken at 30 Diameters. This Photomi- 
crograph Shows How the Crystals Have Been Torn Out Through the 
Failure of the Intercrystalline Cement. 

Fig. 6—Photomicrograph of the Specimen Shown in Fig. 5 
After Polishing. The Crack Shows the Rupture of the Metal Be- 
tween the Crystals. 30x. 
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Fig. 7—Photomicrograph of an Etched and Polished File Steel Specimen ‘‘as Rolled” and 
as Shown in Fig. 4. Etched with 2 Per Cent Picric Acid in Alcohol. 190x. Fig. 8 
Photomicrograph of a Polished and Etched Specimen of Fig. 2, Showing the Large Spines of 
Cementite, Especially Along Grain Boundaries. 190x. 
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s Rolled”’ and ; Fig. 9—Photomicrograph of the Same Specimen as Shown in Fig. 8, Magnified 1000 


x. Pig. 8 Ea Diameters. Fig. 10—Photomicrograph of the Eutectoid Areas of Fig. 9, at a Magnification 
irge Spines of f 2400 Diameters, 





TRANSACTIONS OF THE A. 8. 8. T. 


peratures and weaker at a red heat. The proponents of the 
amorphous metal hypothesis do not claim that their supporting 
evidence is strong enough to entitle the hypothesis to general ac- 
ceptance, and many metallurgists, especially in Europe, are averse 
to accepting the theory because of the universally crystalline struc- 
ture of metals. The inter-crystalline rupture of the specimen un- 
der consideration tends to weaken the amorphous metal hypothesis 
by indicating that rupture may occur through the inter-crystal- 
line cement when the crystals are large and there are correspond- 
ingly large surfaces of cement. Following out this thought, the 
rupture of metals through the inter-crystalline cement at high 
temperatures may be due to the large size of the crystals at those 
temperatures, as contrasted with their small size at atmospheric 
temperature. 
Microscopic STRUCTURE 

After examining the specimen at magnifications up to thirty 
diameters, it was etched for 30 seconds with a 2 per cent solu- 
tion of nitric acid in aleohol. This clearly reveals the large spines 
of cementite, especially along the grain boundaries, as shown in 
Fig. 8 at 190 diameters. It is illustrated even more clearly in 
Fig. 9 at 1000 diameters. If we compare Fig. 8 with Fig. 7, we 
see that, while the individual crystals of pearlite are much larger 
in the over-heated steel, nevertheless the erystals of ferrite and 
cementite, of which the pearlite is composed, are approximately 
the same size.” This is what might be expected, since all the fer- 
rite and cementite were in solid solution when the dendrites erys- 
tallized from the liquid mass, but this solid solution had cooled 
only about 100 degrees when cementite began to separate and 
migrated to the crystal boundaries of the austenite. Whether 
these crystal boundaries correspond to the interference between 
the original spines of the pine-tree growth, is an interesting study 
which might be made in connection with the crystal illustrated by 
J. S. G. Primrose in Transactions for July, 1925. It is evident. 
however, that, in the present instance, the size of the ferrite and 
cementite crystals which separated from the eutectoid at approxi 
mately 700 degrees Cent., was not affected by the original size of 
the austenite crystals or the dendritic growth in the specimen. 

The appearance of the eutectoid at 1000 diameters leads to 


“The photographs have naturally lost some of their detail in reproduction, and this is 
particularly true of Figs. 3 and 7. In the latter figure, the crystals of ferrite and cementit 
of which the pearlite is composed, are not clearly revealed. 
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Figs. 11 and 12—Photomicrographs of the Eutectoid Areas 
Shown in Fig. 8, Taken at a Magnification of 2400 Diameters. 


of the Coarse Crystalline Steel, 
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Figs. 13 and 14—Photomicrographs of the Steel Shown in Fig. 8 Taken at a Magnification 
of 4800 Diameters. These Photomicrographs are Interesting Since They Show Distortion of 
the Eutectic Cementite Crystals and a Tendency of the Cementite to Thicken and Fold Back 
on Itself. 
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the conclusion that its constituent crystals formed in two degrees 
of erystal fineness. In order to study this more closely several 
mierographs were taken at a magnification of 2400 diameters, and 
three of these are shown in Figs. 10, 11 and 12. Figs. 11 and 12 
especially disclose the existence of eutectoid ferrite and cementite 
crystals of varying sizes and particularly inter-lamellar crystals 
of irregular size and form. It seems probable that the small erys- 
tals, and the inter-lamellar crystals, were formed under the enor- 
mous pressure brought about by the expansion of the material in 
the change from austenite to pearlite. The first crystals to be so 
formed would be relatively large, but their birth would create a 
pressure affecting the size and condition of the subsequent crystals. 

Examination at 4800 diameters brought out more clearly the 
structure of the individual crystals within the eutectoid, but at- 
tempts to photograph this resulted in a slight ‘‘blurring’’ of the 
structure because of the long exposure required and the lack of 
a vibration absorber which has resulted in the very fine micro- 
eraphs already published in TRANSACTIONS by Francis F. Lueas.* 
Figs. 13 and 14 are interesting, however, since they show distor- 
tion of the eutectoid cementite crystals and a tendency of the 
cementite to thicken and fold back on itself. 

The following comparative hardness values of the specimen 
described and the normal file steel are of interest: 


Over-heated steel File steel 


BRINELL HARDNESS* 
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"10 millimeter ball, load of 3000 kilograms held for 30 seconds. 
"he Brinell hardness numbers of the over-heated steel bear out 
the observations made on a large number of heat treated speci- 


mens, by one of the authors, that the larger the crystals, the lower 
the Brinell hardness numbers. 


“High Power Photomicrography of Metallurgical Specimens,’’ by F. F. Lueas, TRANSAC- 
‘loNS of the American Society for Steel Treating, Vol. 4, No. 5, 1923, page 611. ‘‘Microstruc- 
of Austenite and Martensite,’ by F. F. Lucas, Transactions of the American Society 


for Steel Treating, Vol. 6, No. 5, 1924, page 669. 
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Written Discussion:—By Dr. V. N. Krivobok, Carnegie Institute of 
Technology, Pittsburgh, Pa. 


It seems to be evident that the realization of the importance of stud) 
ing the fundamentals of metallography is gaining ground. Dendritic stru 
ture and crystal formation are indeed two important fundamentals and the 
publication of this additional paper on the subject, especially in view of its 
merits, must be sincerely welcomed. 

The paper as presented is conveniently sub-divided. into several separat: 
studies and the discussion of these will be taken up in the same order as 
they appear in the paper. 

A. Amorphous Metal Hypothesis. The information submitted by the 
authors is very interesting and instructive. Their ultimate contention, worded 
in their paper as follows: ‘‘. . . . rupture may occur through the inter 
crystalline cement when the crystals are large and there are corresponding]ly 
large surfaces of cement . . . .’’ may, I feel, be questioned. It must 
be remembered that the production of very large crystals, which in ac 
cordance with their formation will be called ‘‘primary,’’ takes place onl) 
under the conditions most favorable for the undisturbed formation and 
growth of such primary crystals. But these conditions are just as favor 
able for a ‘‘selective’’ growth, which invariably results in the forced en 
richment by the alloyed elements of those parts of steel that correspond 
to the fillings between the dendritic branches and also between the dendritic 
growths or primary erystals; such a condition is the result of the selective 
solidification of the alloys which form wpon solidification so-called solid solu 
tions. 

Hence in the inter-crystalline boundaries, especially in the case of stee! 
that displays crystals of abnormal size, we may expect to find also an abnor 
mally high concentration of impurities. In such a case, of course, the 
authors cannot be justified in drawing any conclusion as to the merits of 
the amorphous metal hypothesis on the strength of their experiments. The 
concentration of the impurities as just mentioned would introduce an entirely 
new aspect. It is well known that the presence of impurities causes inter 
crystalline fracture regardless of the grain size. 

[ would like to offer a few experimental data in support of my discus 
sion. An iron silicon alloy containing 2.54 per cent silicon was furnished 
to me in the form of an ingot made up of unusually large crystals. The 
fracture of the ingot is shown on the photograph Fig. 1, reduced to one 
third its natural size. The erystals could be easily separated from the ingot 
by sight blows of a hammer. When separated, the crystals show distinctly 
the traces of oxidation on the crystalline surfaces and im places the indis 
putable presence of impurities, visible even to the unaided eye. Fig. 2 
shows these separate crystals under a magnification of three diameters. A 
eareful polishing of this alloy furnishes an additional confirmation of the 
stated facts. In Fig. 3 is shown the polished but unetched surface of this 

alloy. It is easily seen that most of the impurities, the nature of which 
is not of any importance as far as this discussion is concerned, are located 
at the boundaries. The photomicrograph was taken with conical illumination. 
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DISCUSSION—CRYSTAL FORMATION 


On the eighth page of their paper the authors make the following 


statement: ‘*. . . . the rupture of metals through the inter-crystalline 


ement at high temperatures may be due to the large size of the crystals at 


ose temperatures as contrasted with their small size at atmospheric tem- 


perature, 


| fancy that this statement may be incorrectly interpreted. In the 


paper, the authors deal with large crystals which were termed by me (the 





Fig. 1—Fractured Ingot of an Iron-Silicon Alloy Containing 2.54 
Per Cent Silicon. % Size. Fig. 2—Separate Crystals of This Ingot 
Enlarged 3 Times. 


generally accepted term) ‘‘ primary crystals’’ 


or ‘‘dendritic growths.’’ | 
tuke for granted that the authors have in mind in the sentence just quoted 
these primary erystals. The small crystals, at room temperature (mentioned 
by the authors), which result from re-crystallization in the solid state while 
the metal cools through the critical range, may not be compared with large 


primary erystals. The origin. the way of forming, the nature and the dis- 
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tribution of the internal stresses, of the two are entirely different. It seen 
to me, consequently, that the statement as quoted is somewhat misleading 

B. Micrescopic Structure. I am indeed glad that my observations full 
agree with the authors’ statement that ‘‘ . . . . the size of the ferrit 


Fig. 3-—Photomicrograph of the Polished but Unetched Alloy Shown in Fig. 1. 100A 
Conical Illumination. Fig. 4—Photomicrograph of a Specimen of Cast Steel Having Excep 
tionally Large Primary Grains. 100X. 


and cementite crystals which separated from the eutectoid at approximately 
700 degrees Cent. was not in any way affected by the original size of the 
austenitic crystals or the dendritic growth in the specimen.’’ 

On the other hand my investigation has shown that the grains of pearlite 
are only little affected by the original size of the primary crystals. It 
seems to me that this conclusion is readily substantiated by the theoretical 
considerations. The formation of pearlitic grains take place below ‘‘sol 
idus’’ in the part of the iron-carbon diagram known as ‘‘ granulation zone’’; 
i, e., after the primary crystals have been completed. The speed with whic! 
the metal is cooled through the granulation zone and in some cases the in 
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rnal strain are the factors that are most important in regard to the sizes 
the pearlitic grains. 
I had a chance to follow this line of investigation suggested by Dr. 


Sauveur some time ago, and had at my disposal ordinary cast steel of ex- 


Fig. 5—Photograph of the Fractured Ingot of a 2.50 Per Cent Nickel Steel. Enlarged 3 
limes. Fig. 6—Photomicrograph of the Specimen Shown in Fig. 5. 


ceptionally large primary grains. The composition of the steel was as 


follows: ayn ~ is 
C. 0.63; Mn. 0.79; Ph. 0.04; 8S. 0.028 


The study of the microstructure (Fig. 4) shows that there is no perceptible 
difference in the appearance of the microstructure. Also, the 2.50 per cent 


nickel steel, the size of whose crystals can be judged from photographs of 
Mig. 5, has a structure which does not differ at least under microscopic ex- 
amination from the same steel of the normal grain size. The microstructure 
of this large-grained nickel steel is shown in photomicrograph Fig. 6. <Ac- 
cidentally, this photomicrograph shows the boundary between the two ad- 
joining crystals (primary). 
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It is for the sake of scientific truth only that I take the exception t 
the authors’ statement which, if printed correctly, reads as follows 
“f  . 6.) 6. )6 «€6solid solution had cooled only about 100 degrees Cent. whe: 
cementite began to separate and migrated to the crystal boundaries of th 
austenite.’’ It seems to me that the idea of migration of either cementit: 
as stated by the authors or ferrite (in hypoeutectoid steels) as is ofte: 
stated in the metallographical literature, is wholly without foundation. It 
is with apology that I use such a strong term, but I must admit it is 
impossible for me to conceive the nature of forces that wouid result in 
such a migration. I will gladly admit that I am wrong should the evi 
dence be presented to me. But the microscopic evidence, if ever obtained 
by fellow investigators, has never come to my attention and, on the othe: 
hand, the results of my own investigations have failed to furnish the neces 
sary proof for the theory of migration. An attempt may be made to ex 
plain this question in a much simpler way if we will admit that some kind 
of erystalline disarrangement must exist at the grain boundaries. Because 
of this disarrangement the rejection of the excess constituent at the grain 
boundaries is much facilitated and that is a reason why we find there most 
of the pro-eutectoid element. It is out of place here to go into the detailed 
discussion of this point, but those who are sufficiently interested may find 
experimental data in the paper, ‘‘Secondary Crystallization in Iron-Carbon 
Alloys,’’ published in the April, 1925, issue of TRANSACTIONS. 

It is with sincere pleasure that I wish to thank the authors for their 
interesting paper and to express the hope that they will continue their 
valuable research. 


Written Discussion:—By Dr. Albert Sauveur, Harvard University, 
Cambridge, Mass. 

{ agree with the authors’ statement in their interesting paper that 
when metals crystallize from liquid masses, they commonly form dendrites, 
but I do not agree with their apparent assumption that these dendrites are 
retained at room temperature. I believe that these dendrites undergo what 
Belaiew calls ‘‘granulation’’ on cooling below solidification. Each dendrite, 
usually of macro-size, is thereby converted inte a great many austenitic 
grains of micro-size, which, on cooling through the critical range, undergo 
the austenite-pearlite transformation. While the dendrites themselves cease 
to exist, the dendritic segregation which necessarily accompanies their for 
mation, generally persists and can be revealed by suitable etching treat- 
ment. This breaking up of austenitic dendrites into austenitic grains has 
been explained on several occasions by Belaiew, and I have also attempted 
a similar elucidation.” The temptation would be great to assume that the 
granulation of the dendrites and the austenite-pearlite transformation both 
take place on cooling through the critical range were it not for the fact that 
« similar phenomenon is observed in other metals which are deprived of 
thermal critical ranges. 


Of course when dendrites have been allowed to form like stalactites in 


1Crvstallization of Iron and Its Alloys. Transactions American Society for Steel Treat 
ing, July, 1923. 
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1926 DISCUSSION—CRYSTAL FORMATION 47 
he cavities of some castings, or when they are formed in relief on the sur- 
faces of solidifying metals, the outward appearance of the dendrite is re- 
tained at room temperature. This is no indication that the dendrites them- 
selves still exist. These apparent dendrites are mere shells filled with austen- 
tie grains above the thermal criticai range, and with ferrite and cementite 
below that range. On sectioning and polishing they will be found to be 
made up of small polyhedral grains in the case of pure metals, each one 
with its own crystalline orientation, clearly indicating that the dendrite 
itself no longer exists as a crystalline unit. The reason, therefore, that 
dendrites cannot always be detected on polishing a piece of cast metal or of 
alloy which we know to have solidified as a mass of interlocked dendrites, 
is not due to the fact that we now can examine it only in two dimensions, 
but rather to the fact that such dendrites no longer exist. 

If, under these conditions, a dendritic structure is revealed, it is merely 
because of the existence of dendritic segregation permitting a selective ac- 
tion on the part of the etching reagent. 

The dendritic structure is essentially a solidification structure, and can- 
not be produced in the solid metal by any kind of heat treatment. Metals 
and alloys are not made up of dendrites at room temperature but in many 
of them dendritic segregation still exists. 

In regard to the formation of free cementite in hyper-eutectoid steel 
as it cools below its solidification temperature to room temperature, this con- 
stituent I believe forms first around the boundaries of the existing austenite 
grains, themselves resulting from the granulation of the austenitic dendrites; 
and later, if time be given, i. e., if the cooling be sufficiently slow, addi- 
tional free cementite forms within the grains along the octahedral cleavage 
planes of the austenitic grains. 

There is no evidence from an inspection of Fig. 2 and Fig. 3 of the 
existence of a dendritic structure. The fracture here exhibited appears to 
be made up of very coarse cubic grains resulting, I believe, from the granu- 
lation of the dendrites, outlined above. 

I am in agreement with the authors when they express the belief that 
the existence of an amorphous phase has not been proven to the satisfaction 
of all. Admitting its existence, it is not certain that the amorphous phase 
is more tenacious and harder than the crystalline phase. The greater hard- 
ness of a small-grained structure does not need for its explanation the as- 
sumption of the existence of amorphous cement surrounding the grains, as 
it is satisfactorily accounted for on the ground that the smaller the grains, 
the greater the resistance to slips. 

The pertinent question once asked by Professor Howe—why should the 
contact between a crystalline mass and an amorphous mass of the same metal 
form a stronger union than contact between two crystalline masses of that 
metal?—has never, to my knowledge, been answered. 

It would be interesting to know what was the casting temperature, and 
what was the size of the ingot used by the authors. 

Written Discussion:—By H. 8. Rawdon, Bureau of Standards, 


Washington, D. C. 
One of the conclusions which might be formed from a casual reading 










































48 TRANSACTIONS OF THE A. 8. 8. T. Ji 


of this paper, though, perhaps, not intended by the authors, is that the fr 
ture of coarse-grained metals, in general, when broken by shock (a hammer 
blow in the case discussed) is intercrystalline in character rather than trans 
crystalline, as is generally supposed. The writer believes that it is w 
established for metals and simple alloys which are brittle enough to break 
under shock rather than merely to bend, as is often the case in impact tests, 
the general tendency is for the fracture produced to be transcrystalline in 
its course. This is true for exceptionally large crystals as well as those of 
more moderate size and numerous citations from the literature in support 
of this could be given. The introduction of a hard brittle constituent 
(cementite in this case) as envelopes surrounding the grains might tend to 
modify this generalization somewhat. 

Details concerning the preparation of the ‘‘overheated’’ cast steel used 
have not been given nor are the photomicrographs sufficiently clear to an 
swer the question whether the inter-crystalline brittleness observed might not 
be the result of inclusions located between the pre-existing austenite grains 
The writer has more than once observed this feature in the structure of stee! 
showing abnormal shock brittleness, and believes that it will account fo 
many such apparently intercrystalline breaks in steel. 

It is not clear to the writer why the authors need bring in the ver 
much over worked amorphous-metal hypothesis as related to their observa 
tion, at least, not until a more careful study had been made of the grain 
boundary conditions existing in their material. Relatively few metallurgists 
accept this hypothesis today in the form in which it was originally ad 
vanced by Beilby and Rosenhain. The knowledge of the crystal structur 
of metals as gained by the X-ray diffraction method has necessitated a ver 
considerable modification of the hypothesis. 

Regarding the existence of different degrees of ‘‘crystal fineness’’ in 
pearlite, the writer would say that it has been his experience that this 
structural feature can be easily shown without resorting to the use of ex 
eessively high magnification. It is a well known fact that the austen‘t 
erystal in passing through the gamma to the alpha transformation does not 
give rise to a pearlite grain uniform throughout its mass so far as th 
character and orientation of the constituent lamelle are concerned. A sug 
gestion of this is shown in Fig. 9 of the paper on the left of the conspic 
ous central grain boundary. Considerable disturbance occurs during the trans 
formation so that in different parts of the pearlite ‘‘grain’’ which resulte« 
from a single austenite grain the character and orientation of the pearlite 
differ. In the examination of hundreds of rail steels, it has been the writ 
er’s experience that this feature of nonuniformity in a pearlite grain is 
readily observable at a magnification of 500 diameters and in numerous 
eases the differences are so great that a lower magnification suffices. 

It may also be pointed out that the hardness differences reported in the 
paper are not necessarily to be attributed to grain-size difference alone. 
The authors apparently are comparing a cast steel, of which the rate of cool 
ing after casting has not been given, with a rolled file-steel. In order for 
one to be in a position to make a definite statement concerning the relation 
between grain size and hardness of these two, he should first of all put them 
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DISCUSSION—CRYSTAL FORMATION 49 
‘n a eondition so that the comparison can be made by giving the materials 
dentical heat treatment. In a rather comprehensive study made several 
vears ago, of which the writer was joint author (H. S. Rawdon and E. 
Jimeno-Gil, A Study of the Relation Between the Brinell Hardness and the 
Grain Size of Annealed Carbon Steels; Bureau of Standards Scientific Paper 
397, 1920), it was concluded for the steels investigated that grain size is 
only a minor factor in determining the Brinell hardness. 
he ‘mais to the original report for details 


Reference should 


Written Discussion:—By D. J. McAdam, Jr., Naval Engineering Experiment 
Station, Annapolis, Md.’ 

The fact that the coarse-grained high carbon cast steel specimen shows 
intererystalline brittleness is presented as evidence against the amorphous 
metal hypothesis. The authors assume that if this cast steel had been fine- 
grained it would not have failed by intercrystalline fracture and they reason 
that this assumed difference in behavior must be ascribed to difference in 
the effect of ‘‘amorphous cement’’ in coarse-grained and fine-grained steel. 

And yet the authors call attention to the fact that, as shown in Figs 
§ and 9 the grain boundaries are occupied by ‘‘large spines of cementite.’’ 
It is not surprising that metal having a microstructure such as that illus- 
trated in Fig. 8 should show intercrystalline brittleness. ‘The intercrystalline 
brittleness was probably due to the well known brittleness of cementite 
rather than to weakness of amorphous cementite. 

It is quite possible that if the metal had been cast at lower temperature 
or were rendered fine-grained by -heat treatment it would not show inter- 
erystalline brittleness. Decrease of grain size would mean increase in total 
area of intercrystalline surface and probable decrease in the thickness of 
intererystalline cementite layers. The proportion of intercrystalline cementite 
might also be decreased. Such decrease in thickness of intercrystalline 
cementite layers would greatly increase the effective strength of such layers 
and their ability to withstand distortion. 

In order to prove that intercrystalline brittleness may be caused by 
grain size alone it would be necessary to experiment with metal having only 
one crystalline phase. Such a metal is difficult to find. I do not contend 
that it is umpossible. In most cases of intercrystalline brittleness occurring 
in coarse-grained metal a second phase can be found on the grain boundaries. 
The average thickness of this intercrystalline film would necessarily be about 
proportional to the average grain diameter. 

Moreover, coarse-grained metal sometimes shows intercrystalline brittle- 
ness under shock even when it does not show brittleness under slowly applied 
load. It should be noted that the specimen discussed by the authors was 
broken by hammer. 

In the light of X-ray analysis of crystal structure the ‘‘amorphous 
cement’’ is merely the submicroscopic layer of distorted space lattice be- 
tween erystal grains. This layer of distorted lattice probably does not 
vary greatly in thickness with variation in grain size. It does not seem 
necessary to assume that at any temperature this layer is weaker than the 


*Printed by permission of the Secretary of the Navy. 
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undistorted space lattice. Above the recrystallization temperature plast; 
deformation under applied stress, either external or internal, takes 
not only by slip on cleavage planes but also by distortion and change of > ® s 


mad 


orientation of space lattice. This causes continual break up and reorie tl 
tation of grains and change in position of grain boundaries. Above th. ~ oo i 


recrystallization temperature, even if intracrystalline fracture of a 
occurred, the two fragments due to reorientation under stress would appea | s tl 
no longer as fragments of the same grain but as new complete graj 
sections. i 
The variations in the apparent fineness of the pearlite in different grains 
and the distorted appearance of the cementite lamella, described by the [ 
authors on the eleventh page of their paper, are probably due chiefly to vai iT 
ation in the orientation of the cementite lamelle with reference to the J n 
plane of the polished surface. As shown by Belaiew* variation in the angle § u 
at which the polished surface cuts the pearlite lamella causes great vari 
tion in the apparent fineness of the pearlite. If the cementite lamelle mak 
a small angle with the polished surface the outcropping plates have the dis . i 
torted appearance shown in Figs. 11 to 14. 


Written Discussion:—By G. F. Comstock, Niagara Falls, N. Y. n 


Contrary to the impression given by this paper, and especially by th 
abstract which precedes it, the authors do not offer any evidence which bears 
upon the “Amorphous theory. The fracture which they call ‘‘intercrystalline’’ 
is really inter-cellular, and there is nothing surprising or worthy of note 






in the fact that in an alloy composed of a brittle material like cementit 






and a relatively tough material like pearlite, an impact fracture passed 






through the more brittle material. The presence of the cementite as a net 






work around the pearlite grains of course resulted in the fracture passing 4 






around the pearlite rather than through it. This, however, does not mean 






that the fracture was intercrystalline. The authors do not give any evidence x 





as to whether the fracture occurred through or between the crystals of 






cementite, and it may, therefore, be assumed that there was nothing ex- 






, 


traordinary about it, and that it passed through the cementite crystals in 






the usual way. The amorphous film which has been assumed by some metal 






lographists to exist between crystals of metals is very much thinner than 4 
I ; : es 






any network of cementite, such as the authors discuss and illustrate, and B® 






eannot be seen with the microscope even at the unreasonably high enlarge- 









ments which the authors have used for some of their photomicrographs. It 






is very unfortunate to have such a confusion of ideas regarding the amorphous 






metal hypothesis appear in this way. 







Authors’ Reply to the Discussion 





The authors are indeed gratified that their paper was productive of such 






excellent and extensive discussion (for such was their thought in presenting 
their observations and hypotheses) but are afraid that some of those who 







2Colonel N. T. Belaiew, ‘““The Inner Structure of the Pearlite Grain,” Journal, Iron 
Stee) Institute, 1922, No. 1, Vol. XV. 
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rature plast ; ticipated in the discussion misinterpreted their suppositions and postula- 
takes ) «ons for statements of conclusion and fact. We did not feel that our re- 

’ « . r 

nd chan: 2a earch was sufficiently extensive to warrant our drawing any conclusions and, 


alee 


an peor » therefore, confined ourselves to assumptions only. It is particularly interest- 


. Above th | af ing to observe how, in many instances in the preceding discussion, contrary 
et -@ orn 1 : views and opinions on certain theories relating to the amorphous metal hypo 
would appear | » thesis have been advanced. 

omplete alle We particularly wish to thank Doctors Sauveur and Krivobok for the 


many interesting and valuable data and conclusions presented by them. Doctor 


| 
ifferent grains Krivobok’s supposition of a ‘‘selective crystalline growth’’ or of a ‘‘ forced 
ribed by the § enrichment’’ is not borne out by our study which showed (in the case at hand) 
shiefly a. ‘oon neither of these effects under a wide range of magnifications. However, ad- 
en to th mitting that Dr. Krivobok’s theories of selective growth and forced enrich- 
1 in the anch & ment are correct, do.they not in themselves constitute another argument against 
Ss great vari the amorphous cement theory? 
lamelle mak Dr. Krivobok states that we may (not must) expect a concentration of 
have the dis * impurities at the grain boundaries—but in none of the photomicrographs 
‘ accompanying our paper are impurities visible at the grain boundaries nor , 
has subsequent study revealed such a concentration under a wide range of 
a ¥, . magnifications. The accompanying photomicrograph, which covers portions of 


the same fields shown in Figs. 6 and 8, shows that the grain boundaries are 


el Vv V th : ° e,° " . . 
ecially b free from concentrated impurities. Further, does not the admission of th¢ 


ce which bears concentration of impurities at the grain boundaries (with the consequent 
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Journal, Tron and crograph of the Same Specimen as Shown in Fig. 6. Polished but Unetched. 190 X. 
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weakening of the intercrystalline ‘‘cement’’) contribute to the weake 
of the amorphous metal hypothesis? 

Our best answer to the last paragraph but one of Dr. Krivobok’s discus 
sion is found in the fifth paragraph of Dr. Sauveur’s discussion—with whic! 
paragraph we are in entire agreement. 

Replying to Doctor Sauveur, we did not intend to imply that dendrites 
are retained at normal temperatures—we are in complete accord with Dr, 
Sauveur in his statements in this regard and wish to thank him for his clea: 
explanation of this phenomenon, our discussion (we are afraid) having been 
somewhat ambiguous. 

Although we do admit that the true dendrites do not persist at roon 
temperatures, we contend that large crystals can be retained at normal tempe: 
atures, these large crystals filling or making up the ‘‘ dendritic shells.’’ 

The remainder of Doctor Sauveur’s discussion is in accordance with ou 
beliefs and observations and, we believe, answers many of the questions 


raised in the discussions of the other members. 

The discussion by Mr. Rawdon is extremely interesting but, we feel, 
needs no further comment here since the majority of his questions have been 
answered by our replies to the discussion of our paper by others. His stat 
ments in the last paragraph (anent the difficulty, if not the impossibility, o: 
making a direct comparison of a cast with an ‘‘as-rolled’’ steel with respect 
to hardness) are undoubtedly true, but we cannot agree with him that grain 
size is only a minor factor in determining the Brinell hardness of steel—our 
general observations (as stated in our paper) having led us to believe that 
the Brinell hardness of any given steel varies inversely as the grain size. This 
belief is in direct accord with results published in the literature—particulariy 
with respect to the brasses and bronzes and other non ferrous metals. Experi 
ments relating to the relation between grain size and Brinell hardness 01 
steels are now under way in our laboratory, from which we hope to obtain 
definite information in due time. 

Referring to the statements made by Dr. McAdam in the first paragrap! 
of his discussion, we remind him that we do not assume, but merely surmise, 
(in our paper)’ that the fracture of the steel in question would have bee: 
transerystalline had the structure thereof been fine-grained. It is a fac 
however, (as far as our observations and experience are concerned) that al) 
high carbon (and the majority of medium and low carbon) steels show trans 
crystalline fracture (and when) the structure is fine-grained. 

The other points raised in Dr. McAdam’s excellent discussion have al 
ready been answered (we believe) either by the discussion of others or )b) 
our replies to these discussions. 

Certain questions that require for their answers information. which is 
eonfidential have been aswered by correspondence with those who propounded 
them. 

In conclusion, we wish to again thank the several members for tliei! 
valued discussions and to répeat that a series of experiments (along the several 
lines of thought mentioned in our paper) are now in progress in our labora 
tories. The results of these experiments will, it is hoped, appear in some 
future issue of TRANSACTIONS. 
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GRAPHITIZATION AT CONSTANT TEMPERATURE 


By H. A. SCHWARTZ 


ie the June, 1926, issue of TRANSACTIONS, page 883, appeared 
the first part of this paper entitled ‘‘Graphitization at Constant 


Temperature’. 


Due to the length of the paper and the appendix, 


‘+ was necessary that it be printed in two parts. The mathemat- 


‘eal derivations (Appendix) referred to in the text, together with 
the discussion of the paper, are printed on the following pages. 
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APPENDIX 
MATHEMATICAL DERIVATIONS 


Equation 1 


Assuming the nomenclature indicated under this equation, and 
that pe and pm are the densities of the graphite, and of the metal 
respectively, and r the diameter of the carbon nodules— 


It can be shown, assuming that the spheres of carbon are 
'» equally distributed, and that the probability of cutting a sphere 
b 8 ‘ ° ° e ° . ° 
| © varies directly as its radius, and inversely as their distance apart, 


tance apart, that 


andm=2rN. Hence, 
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be 
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may be ealeulated from assumed values of p. and pm. 


and 


4.4. 


Q. E. D. 


and that the number per unit area will be inversely as their dis- 


Experi- 


Henee, 


Consider the growth of a sphere of carbon in an indefinitely 


A paper presented before the Cleveland Convention of the Society, 
The author, H. A. Schwartz, member A. 8. 8. 
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large mass of solid solution through which cementite is uniformly 
scattered. i 

As soon as a finite sphere of carbon has formed, this sphere 
will be surrounded by a concentric sphere of cementite free metal. i 
The thickness of this zone will be in a constant ratio to the radius 


tuk ines 


of the carbon nodule which contains the carbon originally of the 4 
cementite which has disappeared. Actually the ratio will be ; 


about 3:1. 

The outer surface of the sphere has a carbon concentration in | 
equilibrium with Fe,C; the inner in equilibrium with C, i. e., 
there is a constant difference of concentration between the inner 
and outer surfaces of the hollow sphere of solid solution. While 
both the cementite free zones and the carbon nodules are of some- 
what irregular outline, they are apparently equiaxed insofar as 
that term can be here applied, and their average shape may be 
considered spherical. Below A, the structures differ from Fig. | 
only in that ferrite appears in place of the solid solution; the 
pearlite of the original structure being destroyed. See Fig. 2. 

Under such a condition the rate of migration, i. e., the in- 
crease in radius of the nodule, will be inversely proportional] to 
the thickness of the sphere or to r, the radius of the carbon nodule. 
It follows by similar figures, that the mean cross section of the 
path of conduction is in constant proportion to the area of the 


Bia Sonar 


carbon nodule, ealling t the time and neglecting numerical ¢o- 
efficients throughout. 


pce 


em 


integrating, we find t= 


But if e is earbon content 


—— t®/? — t?5 





which becomes ¢ = at Q. E. D. 


where a is the product of all the numerical coefficients. 


Equation (3) 


Equation (3) follows from the assumption that if the rate 0! 
formation of decomposition products is proportional to the 
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anount of decomposing material, if k be concentration of 
agraphitie carbon (the decomposing phase) and t = time 


dk dk 


—- =bk or -,;— =bt 


Hence, 
But if t = 0, k has its original value k,, 


The value bt represents the reduction in k in time t; 
log k Constant — bt. 
hence 

log k = log ko — bt Q. E. D. 


Equation (4) 


Let k,., and kom represent the carbon concentration at the 
inner and outer surfaces of such a hollow sphere as described in the 
derivation of equation (2); also, let a be its inner and 3a its outer 
radius, and let k be the carbon concentration at radius r within 
the sphere, and h* the diffusivity of carbon in iron. 


Then, 
dk . : 
7 (IS earbon gradient 
Sn» . 
4rh'r*—— is the carbon conducted across a spherical 


shell of radius r in unit time. But at equilibrium, when there is 
neither an accumulation of carbon in the shell, nor a rejection 
from it, but only conduction, this value is constant for all values 
of r. 

Henee, calling the constant B, 


ee 
K -8 [«f ~~ attrn? +A 


The constant B may be made 1 by a suitable selection of the 
units of measurement, and A is a constant of integration. 

But k = ke, when r = 3a, and k,, when r = a. 
solve for A and dispose of B as indicated. Then, 


Hence. we ean 


3 Kem rn Ker ] 


2 4rrh* 


but the volume of a spherical element of radius r is 4*r* dr and 
. 


its total earbon content (mass, not concentration) is 4%pk r° dr 
where p is its density. 





Substituting for k its value, we find the total weight o 
‘“arbon in the sphere to be 


where B’ is a constant of integration. 


sphere is 


Hence. the mean carbon concentration is 


which becomes by substituting for A and 


terms of kom and k,, as calculated from the equation for k, for tl 
a and r = 3a. 


values r = 


But if ken 


‘‘T have found a complete solution of your problem for th 
mean temperature of a sphere at any time t, given the initial 


conditions: 


1. Its temperature is uniform (v = 1), at time t = 0. 
Its surface (x = 1), is a non-conductor of heat. 
3. Its center (x = 0), is a sink of temperature v 


9 
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3a 7a 
JA j 2 , 
A- arn?) = e( /4%5 r / tr +B ) 
a 


o( maa 44« 8) 


The weight of this holloy 





their values in 


21 Kem + 5 Ker 





Kors es = Kew — 


Hence, B” = 0 and 
22 Kom + 5 Ker 
~» 
26 (kem — Kgr) 


Equation (5) 
After A. S. Hathaway 
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veight of {) j The following equations are taken from Fourier’s ‘‘ Analytical 
: ) Theory of Heat,’’ Freeman’s translation (pp. 192, 150, y for his x), 
and are certainly true from y = 0 to y = 7/2: 


= 


] cos(Pr+i)y , —N sin(ér+l) 
pt ae De | 7: ee 
ees the summation being for r = 0, 1, 2, 3, and so on, indefinitely. 
f this holloy ; 1 T 
Taking y= x and n = (2r+1)-5- in all equations that follow, 


which are, therefore, certainly true from x = 0 to x = 1, we have: 


x=1-2 > Cs pr , |=2 > Snnx 
anc ad ing, “ sintnx _ cos nx 
" A d : « 2>( n ne ) A 


Therefore, let us take the following solution of the general 
differential equation (Fourier, p. 269) and note its properties: 


ver > (tuna - cogna) ing 


n®x 
ir values in 
for th 1. B satisfies the first condition, v = 1 when t = 0 for all 
, values of x, in consequence of A. 
2. B satisfies the second condition, since no heat flows through 
the surface x = 1 at any time. For, the flow of heat through the 
surface of radius x (Fourier, p. 92) is, (per unit time, at time t) 


or k, 


ind 
~~ , r r 7} on a; 
- os a “6K Ps COS nx +(x ) 2un ns + Gey e _ ¢ 
ind this is zero when x = 1, since’ cos n = cos (2r+1) “= &. 
). E. D. 


It should be noted that the minus sign has been inserted in C 
so that the flow shall be positive or negative, as it is directed out- 
ward or inward. 

3. B satisfies the third condition, for taking (from C) the 
ee for the be flow at x = 0, we find it to be the negative value —8K™Se™"*t /n2, 
so that the center is a sink of some fixed temperature, which is 
be that to which the temperature v in B reduces after an infinite 
0. 4 time, or v = 0, since the exponential factor is zero for t = a, 
ss = and so v = 0, whatever the value of x. 

All conditions being satisfied by the solution B, we find from 


1 the initial 
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it the mean temperature at time t by the integral (Fourier, p, 
286). 


Mean Temp “of x dx= 6S ext i 
3 3 I 


This is readily determined from 


sin nx eos nx 


xcos nx dx = x —_— 
§ n + n? 


eos nx ‘ sin nx 


2 


§x sin nx dx >= -—x -———, ' 
n nD ' 


or respectively, sin n/n’, sin n/n — 1/n?, between limits 0, 1, 


st = @ 





-kn*t 
e 
@ > n* ] 


*6 ar 


et ae 
(@rtiy ~ %6 


T 
n= (2r + 1) ->5 


From Fourier, p. 177: 


Now 


° ee me ° e wT 
Dividing the preceding series by 16 
f 


Dmg of 6 Dae 
Thus, correctly, 


7 1 16 
1=6(1 + te + ei etc.) 7 


_ 9% . 
_ * (1 + 16 + 81 et -) 
The problem of carbon diffusion is exactly parallel and equa- 
tion (5) is derived from Hathaway’s equation by a mere change 
in terminology, writing 


h? for Hathaway’s k 
n for Hathaway’s r 





and expressing his n in terms of his r, the factor k, enters to take 
eare of Hathaway’s assumption that the original temperature be 
considered unity. 

The series approaches its final values very slowly, indced. 





(Fourier, p, 


limits 0, 1, 


al and equa- 
nere change 


iters to take 
perature be 


wly, indeed. 
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Its locus for four terms has been plotted, and been shown not to 
differ visibly from the locus of one million terms. It resembles 
rather closely a logarithmic curve, so far as it has been followed. 


Equation (6) 


In an interface reaction the velocity is proportional to the 
area of contact of the two phases. 

Let « be the carbon precipitated, and t the time, r being the 
radius of the carbon nodule, and a’ an arbitrary constant, 


then de 
=ar 
ao 
but @ r’, hence, de 3r°dr and we have, again neglecting nu- 


merical coefficients which may be considered to be all covered by, 
a new value of a’ 


3 r? dr , 
a: er 
or 3 dr = a’dt, hence, at =3r= 3c 
. 2 a’t 3 
or ¢ = (-.—- 
=at 
iain a’ \* “ 
writing a for (=) Q. E. D. 


Written Discussion:—By Anson Hayes, Iowa State College, Ames, Iowa 

The first. point I wish to take up is the great potential importance of 
any comparatively rapid qualitative or precision method of measuring 
graphitization rates. 

In 1921 work was taken up by Prof. W. J. Diederichs and myself with 
a view to shortening the annealing cycle, and, as a result of that work, a 
paper was presented before the Detroit Convention of this Society in 1922, 
in which methods of producing malleable iron and intermediate products were 
presented along with a suggested mechanism for the complete graphitizing 
action, 

The time of forty to forty-five hours to complete graphitization reported 
there has since been reduced to twenty-two hours on a few samples of 
white iron and to thirty hours on a considerable number of such irons, all 
of which were of representative white iron compositions. During this work, 
we have encountered two samples which graphitized much more slowly. 

Now the nearness of approach of the annealing cycle in practice to this 
period of, say thirty hours, will be determined by the uniformity in rates 
of graphitization which it is possible to obtain under the conditions that 
may be realized in the industrial plant. 
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Two of the variables for which there should be control within as narr 
limits as possible are: 

(1) Temperature—Qualitative results have already shown that rat, 
of graphitization is extremely sensitive to temperature. Thus in order ¢, 
arrive at a suitable factor of safety in the length of time for any parti 
stage of the annealing process, the thing that is needed is a convenient 
method of as high precision as possible to measure the effects of such ten 
perature variation on graphitization rates. Knowing these effects, ste 
can then be taken in the way of improvement in annealing oven design { 
eliminate as far as possible these temperature variations and thus the nea; 
est feasible approach to this minimum annealing cycle can be determined 


far as the temperature control is a factor. 

(2) The Chemical Composition of the White Iron.—No doubt a n 
nearer approach to the minimum annealing cycle will be possible when t 
information is available as to the influence on graphitizing rate of a vari 
tion of the sulphur content from some three hundredths to about eight hw 
dredths of one per cent, of a variation of the manganese content within 
limits that are now considered perfectly permissible for white iron or of 
variation of carbon from two to two and six-tenths per cent. It is clea 
that a systematic investigation of the influence on graphitizing rate of whit 
irons whose composition varies through the limits now considered good pra 
tice, would show to what extent the minimum annealing cycle may be a 
proached by using present white iron compositions. 

There is, too, the certainty that when the causes and extent of variatio 
in rates of graphitization are known that in some cases it will prove possibl 
to reduce such variations in graphitization rates by comparatively simp| 
methods. Then, again, there is the possibility of revising the present limits 
of composition of white iron or even of going into compositions outside the 
present limits, and thus the realization of a shorter cycle and good or eve 
better properties than are now obtained. 

In short, the problem of shortening of the annealing cyéle as it 
taken up in our laboratory has proven to be something as follows: 


(1) The determination of the mechanism of graphitization. 

(2) In the light of the mechanism to arrive at the minimum annealing 
eycle in the laboratory. 

(3) The determination of all of the causes and extent in variation in rates 
of graphitization, two classes of which have been suggested above. 

(4) The determination of methods of reducing such variation. 

(5) Knowing the causes and extent of variation in graphitization rates, t! 
making of such changes in furnace design, in the limits of variatiol 
in composition of white iron and other factors, as are found possi! 
and thus to approach, as nearly as may safely be done, this minimun 

annealing cycle. 


There are also a number of other studies which are necessary but whic! 
I will not include here, since they have no bearing upon the present paper. 

The fundamental importance of a method such as has been developed 
by Mr. Schwartz in the pursuance of such a program is evident, for this 
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DISCUSSION 


syam involves an enormous amount of work even with the possibilities 
ya rather rapid method of measuring rates of graphitization such as has 
been developed here. Then there is considerable difference of opinion with 
the present annealing cycle in the way of questions as to what are the 


limiting quantities of chromium and others of the more unusual elements, 
and questions as to what are the effects of varying quantities of such 
elements. 

Such a method of measuring rates of graphitization makes possible a 
definite knowledge of the effects of such elements and offers a possibility 
of a change in the present policies of utilizing certain kinds of scrap. In 
fact. it would be difficult to foresee all of the ways in which such a method 
may contribute to the improvement of the present practice in the manufac- 
ture of malleable iron. 

| wish to emphasize much more strongly than possibly the author was 
in a position to do, the importance of this work. In fact, I would have 
welcomed sometime ago such a method of measuring graphitizing rates, for 
| am presenting at the Syracuse convention of the American Foundrymen’s, 
\ssociation the results of two pieces of work for which it was necessary 
to develop a method of measuring graphitizing rates. I am sure I am in 
no way violating my obligation to the program of the American Foundry- 
men’s Association, when I state that after considerable study, the time 
necessary to absorb the free iron-carbide at 1700 degrees Fahr. was taken 
as a measure of the graphitizing rate. The use of this method has proven 
simple and rapid in that it is only necessary to heat a number of pieces of 
the iron to 1700 degrees Cent. quickly, remove them at intervals, cool rap- 


idly and examine them microscopically. 

[t should be noted that if the constant ‘‘a’’ of equation (2), of Mr. 
Schwartz, proves to be a satisfactory criterion of graphitizability of a sample 
of white iron, then it follows that the time necessary to absorb the free 
the high 
criterion of the same property. 


iron-carbide at temperature should also serve 


as a satisfactory 

Since it is very difficult to reconcile the operation of equation (3) in 
the later stages of the graphitization process with the conclusion III that 
rates of graphitization at constant temperature are determined by rates of 
migration, I would consider it better to omit any attempt to do so. 1] 
believe that the agreement of the last portion of the graphitization curve 
with the equation for a unimolecular reaction is an accident. I believe that 
the last portion of the curve represents the process of reducing the carbon 
concentration to that of equilibrium with graphite, and also that the portion 
of the eurve preceding this is a result of superimposing the last of the 
absorption of free iron-carbide on that of equalizing carbon concentration 
throughout the solid solution. 

In regard to conclusion I1V that ‘‘Either the form in which carbon 
migrates is always the same’’ at a definite temperature, or carbon in all 
its forms migrates at the same rate, I wish to state that work in the 
laboratory at Iowa State College has recently shown that one of the means 
of migration of carbon through solid solution during the graphitization 


process is by means of the gas mixture of carbon monoxide and carbon 
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dioxide, further, through a knowledge of the degree of metastabi 
cementite and rates of diffusion of these two gases through the sx 


solution, it should be possible to calculate rates of migration of carbo 
Another mechanism for migration is through the action of hydroge 
and methane. In view of the different rates of diffusion of these vari 
gases, it would indeed be remarkable if all rates of migration are the sam 
In fact, if we accept conclusion 11 of this paper, we can show that w 
multiplied, by a factor of 3, the rates of migration of carbon in the s 
white iron and at the same temperature simply by varying the pressure oj 
the gas mixture. is 
At present two forms in which carbon migrates are definitely known 


One through the two reactions. 


[C] + CO, — 2CO in one region, and (where |‘ 
sents any metastable form of carbo 
2CO — C + CO, in some other region, and the 
[C] + 2H, —> CH, in one region, and : 
CH, — C + 2H, in some other region. . 


Thus the statement of conclusion IV, as it is written, does not 
except, possibly, under the particular conditions under which the expe 
ments of Mr. Schwartz were performed. 

Since definite proof of the action of these two gas carriers exists, 
is evident that the rate of migration of carbon through the metal has | 
bearing upon the molecular weight of the unit in which the carbon is held, 
It is clearly a question as to the permeability of the metal to the two gases 
involved in the transfer of carbon and to the difference in the stability 
earbon in the two regions involved. It should be possible to measure 
permeability and the equilibrium constants for the gas mixture in cont: 
with the carbon in the two regions. With such quantitative data, the rat 
of transfer of carbon can be calculated in case reaction velocities are hig 
as compared to rates of diffusion of the gases. 

The recent work of Westgren indicates that the carbon in solid solutio 
in gamma iron does not displace the iron atoms in the face-centered |at 
tice, but that it takes up a position in the face-centered cube. 

The fact that the iron-carbon eutectoid in white irons occurs on the sam 
A,; line with the iron cementite eutectoid, which I hope to present at 
later time on this program, and the behavior of these alloys on carburizing i 
and graphitizing, points to one or the other of two conclusions. Either ther 
is only one form in which carbon exists in the solid solution, or if two o! 
more forms exist, they are in equilibrium with each other. 

With this evidence in mind, I wish to make the suggestion that tl 
boydenite and austenite which Mr. Schwartz has mentioned, may very Ww 
differ only in the number of face-centered cubes which have their interio! 


%. 


RRA ES eis 


occupied by a carbon atom. 
In regard to the equality of solubility of carbon from cementite and 





from graphite in gamma iron in the pure iron-carbon system, I feel that 


Bilas 


the statement that these solubilities are not equal can be made. Experiments 
by Mr. Evans in our laboratory with pure iron-carbon alloys, of high carbon 
content, show that all massive iron-carbide can be absorbed in an atmosplie! 





ietastabi of 


ugh the Solid 


of carbo 
n of hy 


im UL 


f these varioys 


1 are the sam 
w that we ha 
m in the san 
the pressuri 


nitely known 


here |C] repr 
orm of ¢arho) 
and the 


does not 

ich the expe! 
rriers exists, 
metal has 1 
carbon is held, 
» the two TASES 


the 


to measure 


stahility 


ture in 
data, the rat 


ities are. hig 


eont: 


n solid solutio 


ce-centered lat 


irs on the sam 
O present at a 
on earburizing 
s. Kither ther 
1, or if two 01 
that th 


very We 


estion 
may 
e their interio! 
cementite and 
I feel 


», Experiments 


m, that 


of high carbon 


an atmosplier? 








7 

a ( arbon 
a 

‘ of SU 
4 : 

3 laborat¢ 
a . 
5 C(graphi 


s| ¢a lorie 


‘There l 


DISCUSSION 63 


1onoxide and carbon dioxide in a closed vessel and at a temper- 
0) degrees Cent. in about 100 hours. Further, Dr. Maxwell, of 
ry, has determined the free energy of the reaction 3S} e(alpha) 
te) —> Fe,C, at 700 degrees Cent. and finds it bas a value ot 
s positive, and Fe,C is thus metastable at this temperature. 


s abundant evidence that pure iron-carbon alloys graphitize to 


limiting equilibrium values at temperature above 900 degrees Cent. 


rhus we would draw the conelusion that Fe,C is metastable with respect 


to graphite 


is metastabl 


it seems very probable that it is 


range and, 


ohase must 
| desir¢ 
of the vari 


vraphite th: 


sumples are 


and solid solution from 800 to 1100 degrees Cent., and that it 
e toward alpha iron and graphite below and very near A,. 
this whole temperature 
consequently, the solubility of carbon from Fe,C, the metastable 
be greater than its solubility trom graphite. 


Thus 


metastable over 


» to modify in one respect the picture which the author has given 
ous stages of the graphitizing process. This is that the first 


it is deposited usually is in contact with free iron carbide. If 


examined after treatments of only a few minutes, examination 


shows this to be the case. 


If such 


produced in 
the process 


In elos 


carbon 
breakdown of 


is the this becomes 
the the iron-carbide. 


should be that deseribed by Mr. Schwartz. 


case, surrounded by solid solution 


process of Following this, 


ing, | wish to say a few words on ‘‘future developments,’’ in 


which Mr. Schwartz states that a survey of all the known elements from a 
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consideratic 


experimental viewpoint has recently been compieted. 


cific factors which cause 


the 
ate College and, as has been indicated, I hope to present before 
the Americ: 


variation in rates of graphitization 


to those reported in present paper have been investigated 


in Foundrymen’s Association. A number of other investigations 
This work has been done in pursuance 
‘ral program of determining to what extent the annealing cycle 
ortened and in complete ignorance of the program which Mr. 
idicates has already been completed in his laboratory. We are 
yf course, in our program not only the problem of identifying 


the causes of variation, bat in addition to that, the determination of means 


ng the variations due to such factors. In the 
‘cause of variation in graphitization rates, we have alreedy shown 


is a very simple corrective treatment. 


case of one very 


be very glad indeed to avoid, as far as possible, any duplication 


» of work that is compatible with the rapid development of our program. 
in view of the great amount of valuable information that may be gained 


. method of measuring graphitization rates, and also in considera- 
great potential benefits that may come to the malleable industry 
of controlling graphitization rates, I wish to say that I consider 


the statements which have appeared from time to time in the Journal of the 


Institute of Mechanical Engineers, and elsewhere, to the effect 


at no substantial decrease in the annealing cycle is to be expected, as 


irranted and savoring of fundamentalism. I say this with due 


m of the fact that these statements are being made by men who 
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have had a long tenure in the technical side of 
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that they are without question among the great 
feel that to make such a statement is to deny to a considerable extent tly 
great importance of the present paper. 

Finally, because of the great importance of the method here given 0 
measuring graphitization rates, and of the quantitative data necessary { 
developing it, I wish to suggest that sufficient quantities of the experiment, 


data and statements of precautions and methods used to obtain as hig! 


the malleable industry anq 
authorities in this fie] 


precision as possible be made a part of the paper for, without dovbt, f 
work, where use of this method may be made, will be greatly aided by 


Investigations carried out in this laboratory, and the results of which 


were included in a report presented before the malleable iron session at thy 


American Foundrymen’s Convention, shows that a sample of white iron whic! 


contained 0.083 per cent sulphur and 0.26 per cent manganese graphitize at rates 


something less than one-fourth those of a sample containing 0.034 per cent 


sulphur and 0.24 per cent manganese. 


Also, it was shown that in this sloy 


graphitizing sample of white iron that the addition of from 0.15 to 0.22 pe 


cent manganese greatly speeded up the rates of graphitization on cooling from 
the molten state, upon holding at 1700 degrees Fahr. and during the cooling 


through the critical range. 


The work has been repeated three times and th 


results are undoubtedly dependable for this sample of white iron. 


Author’s Closure 


It is naturally a source of gratification to find that a fellow worke 


considers the suggested method of measuring graphitizing rates as of out 
standing importance. 


A reading of the original paper will show that the author agrees en 
tirely with Dr. Hayes, that equation (3) is probably empiric, and represents 


merely an approach to the locus of Hathaway’s equation. 


Our experiments do not agree with those of Hayes in showing that 


earbon nodules always form first in contact with cementite. 


This, however, 


is not proof that they do not do so, as may be seen from considerations 
of the extreme improbability, that the plane under observation should pass 
through the point of contact of carbon and cementite, even if there be one. 
The tangency of a cementite and a graphite particle could be observed only 
accidentally, and occasionally even if its existence were universal. 

For the purpose intended, it is immaterial, as Hayes himself shows, 
where this particle forms, for it soon becomes surrounded by solid solution. 

An exception must here.be taken to the assertion that the stable an 
metastable eutectoid lie on the same A,_, line. 


Dr. Hayes’ opinion as to the 


lack of effect of silicon on this line in the metastable system is not in accord 


with our understanding of the best supported experimental facts. 
It is regrettable that the author’s original statement, as to conclusion 


IV, was capable of misconstruction. 


From the context, it was though 


to be evident that this conclusion applied during the progress of a givel 


graphitization. 


The migration of CO, and CH,, as well as 


many other hydrocarbons, !s 
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known in connection with case hardening. The author does not wish, 
the present connection, to express any opinion as to the form in which 
bon migrates. It is to be hoped that further study, now in progress, 
the properties of boydenite may permit of conclusions bearing on its 
position, and hence, perhaps add to our knowledge of the form in which 
bon exists and migrates therein. So far, this information does not exist. 
Dr. Hayes’ extended discussion of work done, and in progress in his 
\boratory, seems not to bear sufficiently directly upon the subject of the 


original paper to entitle the present writer to an expression of opinion. 


The major difficulties to be anticipated therein are two: 

(1) We do not yet know all the variables which influence graphitiz- 
‘ig rates, and hence do not know when all but one have been climinated 

a given experiment. 

2) We do know that the effect of the sum of several variables is not 
he sum of their effects separately. 

In his original summary of his paper, the author advisedly and defi- 
nitely limited its scope to the scientific aspects of the question, and he must, 
therefore, now refuse to go beyond those limits into a controversial manu- 
facturing problem. Those interested in the difference of opinion between 
Dr. Hayes and others, in regard to the possible commercial improvements 
in annealing, will find the matter sufficiently set out in the Transactions 
of the American Foundrymen’s Association, covering the 1924 meeting. 

It is still the writer’s opinion that there is nothing in his own paper, 
or in the previous publications of his critic, upon which the works metal- 
lurgist can build a material improvement along the lines of a decreased 
innealing time. 

This statement is not to be taken to mean that study of the graphitizing 
reaction may not uncover other previously unknown variables which may be 
brought under control to the improvement of the annealing time. A prediction 
of an inereased velocity of graphitization must await the publication of def 
inite information regarding the discovery of such previously unknown 
variables. 

The paper contains no references to the effect of manganese and sulphur 
upon the graphitizing reaction. The author, therefore, does not understand 
the relevancy of an allusion to that subject in the discussion. 

It is well known that the art invented by Boyden, a century ago, was 
founded upon the fact that the contents in these elements in American irons 
differed from those in the relatively ungraphitizable European ‘‘ white heart’’ 
irons. The subject was studied something like fifty years ago by Hammer, 
and also by A. A. Pope. . 

The writer did systematic work on the subject to verify the latter’s con- 
clusions as early as 1904, and has alluded to these facts elsewhere. (‘‘ Ameri 
‘an Malleable Cast Iron.’’ Penton Publishing Co., 1922.) Other experi 
menters, doubtless covered the same ground independently. There is, therefore, 
no possible reason to question the reliability of the facts submitted on this 
ibject by Dr. Hayes. If the latter implies that the information is beyond the 


knowledge, or contrary to the opinion of the author, he labors under a mis- 
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apprehension which the present comment is intended to remove. 

It is to he hoped that scientific publications have value in ela 
our understanding, and, perhaps, in placing our knowledge upon 
nearly quantitative basis, even if they have opened up no fields whic 
not been the subject of empiric experimentation by many, quite able 
viduals, who have practically exhausted their industrial possibilities. 

Answering a question from the floor as to the effect of phospho 
graphitization above and below the temperature at which phosphorus migr; 
am not sure that I can reply to that definitely, because I do not have a pert 
clear picture in mind as to the effect of temperature on the migratory 
of phosphorus. There is a reference in the paper to Fry’s work o1 
subject. In general, I would say the temperature is from 450 ck 
Cent. up. I do not believe phosphorus has any effect unless there is e 
of it so that steadite is formed. If steadite is formed then it is f 
that it is a difficult compound to break up. In pictures of the mecha 
given the absence of steadite, phosphorus is negligible, and given the 
ence of steadite, to all intents and purposes we will retain that fi 


in any ordinary commercial sense. 


















2ECRYSTALLIZATION TEMPERATURES OF COLD- 
ROLLED ELECTROLYTIC IRON AND OPEN-HEARTH 
STEEL STRIP 


By JoHn R. FREEMAN, JR. 


Prefatory Abstract 


A study has been made of the respective tempera- 
tures of recrystallization of electrolytic iron strip and 
ope n-hearth steel strip specially selected for deep drau- 
ing operations. The study is a continuation of a previ- 
ous investigation of the comparative cold rolling char- 
acteristics of the two types of material. Tensile tests 
and microstructural studies were made of strip given 
different amounts of work by cold rolling and annealed 
at progressively increasing temperatures. It was found 
that electrolytic iron underwent a marked recrystalliza- 
tion when annealed for % hour at 930 degrees Fahr. 
(500 degrees Cent.), coincident with a pronounced de- 
crease in tensile strength. Incipient recrystallization was 
noted in a specimen annealed for 24 howrs at 750 deqrees 
Fahr. (400 degrees Cent.). In the open-hearth steel a 
similar marked recrystallization coincident with a de- 
crease in tensile strength was observed in specimens an- 
nealed at 1110 degrees Fahr. (600 degrees Cent.), while 
no marked change was observed in specimens annealed 
for 1% hour at 930 degrees Fahr. (500 degrees Cent.). 


lL. INTRODUCTION 


|‘ a recent publication’ data were given on the relative cold 
rolling characteristics of electrolytic iron and of open-hearth 
steel strip used for deep drawing operations. The tests showed 
that electrolytic iron would probably be a somewhat superior 
material for deep drawing operations. This conclusion was based 
almost entirely on mechanical tests of the strips as rolled, no stud- 
ies being made of the annealing temperatures of the two types of 
material. 

It was considered desirable to supplement this work by study- 
Publis 


hed by permission of the Director of the National Bureau of Standards, Department 


f ( ' 


eeman, John R. Jr., France, R. D. Comparative Cold Rolling Tests of Open-hearth 


me Strip (Deep Drawing Stock) and Electrolytic Ircn Strip. Technologic Paper of the 
I f Standards No. 288. 


"he author, John R. Freeman, Jr., is physicist (metallurgy), U. S. Bureau 
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ing the relation between the amount of cold work, as measur 

by reduction of thickness in cold rolling, and the temperature of 
recrystallization of the two materials. The present investiga‘ 
is, therefore, an outgrowth of the former one. A brief suinmanm 
of these rolling tests and treatment of the material is, therefore. 
included. 

In this previous work, representative lots of. the two types 
of material were cold-rolled under as nearly identical conditions 
as possible and in accordance with both mild and very severe cold 
rolling practice. Three lots of selected open-hearth hot-rolled stee! 
strip especially adapted for deep-stamping work and two lots o| 
electrolytic iron were used. The electrolytic iron was obtained 
in tube form approximately 0.070 inch thick. The tubes were slit 
and cold-rolled to the same thickness as the hot-rolled open-heart! 
strip, 0.065 inch. Previous to the cold rolling all five lots were 
annealed at 1400 degees Fahr. (760 degrees Cent.) in the factor 












in the manner usually employed for sheets and subsequent) 
cleaned by pickling. 

















Il. WorK ON ANNEALING TEMPERATURES 


(a) Materials 





There was available from the eold rolling work a small quan 
tity of lot numbers 1, 4, and 5. Their compositions are given i 
Table I. 





Table I. Composition of Materials Studied 


Lot Number Carbon Manganese Phosphorus Sulphur Silicon Coppe 


per cent per cent per cent per cent per cent per cent 


1 (Open-hearth) 0.06 0.39 0.012 0.049 0.01 0.11 
4 (Electrolytic) 0.06 0.002 0.010 0.012 0.01 0.06 
5 (Electrolytic) 0.05 0.010 0.006 0.009 0.01 0.06 


Bureau of Standards analysis. 


The samples from rolling series No. 1 (Table I1) and No. » 
(Table IIL) were used for study. In these two rolling series the 
strip was reduced without intermediate annealing from an original 
thickness of 64 mils to the minimum obtainable by setting up the 
rolls as tightly as possible. 







Series 1 involved severe rolling, the strip being reduced from 
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thickness of 64 mils to 6.5 mils, or almost 90 per cent, in six 


passes. 


Table II. Reduction by Cold Rolling. (Series 1) 


Q Lot Number Approximate 

. Sample . 

Pass Number . ‘ ] 5 reduction 

Number a, 3 = : 

Thickness in mils per cent 
annealed) 0 64 64 0 
I 36 35 44 
2 24 24 63 
3 15° 18 70 
{ 4 12 13 80 
5 5 10 10 84 
6 6 6.5 6 90 


‘In the text the sample number has been prefixed by the lot number; for example, 
imple 10 is open-hearth steel (lot 1) which has not been cold-rolled (pass 0); sample 50 is 
electrolytic iron (lot 5) which has not been cold-rolled (pass 0). 

bLot No. 1 was used as a “‘set up” sample and was passed through rolls twice at this 
etting 
The strips from pass 5 were doubled and sent through for sixth pass. 


In Series 3 the rolls were set up previous to rolling as tightly 
as possible, and the strip then sent through for two passes with 
a resultant reduction in thickness of approximately 65 per cent 
Table III. Reduction by Cold Rolling (Series 3) 





Q Lot Number Approximate 
, . Sample : 
ass Number onsien 1 + reduction 
fi Thickness in mils per cent 
0 0 64 64 0) 
l 40 22 23 65 
2 4] 17 15 73 


‘See note (a), Table No. 2. 


after the first pass and 73 per cent after the second pass. No 
noticeable edge-cracking resulted from severe treatment, although 
the surfaces appeared slightly torn when examined under a mi- 
croscope. (b) Tests Made 

One tensile specimen from each sample, taken parallel to the 
direction of rolling, representing each of the steps in the reduction 
by cold rolling of both series, together with a specimen of the 
original material not subjected to these rollings, was annealed for 
one-half hour at each of the following temperatures: 100, 200, 
(00, 400, 500. 600 and 700 degrees Cent. Sufficient material was 
available for only one tensile test representative of each cond!- 
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tion of rolling and annealing. Specimens cut transversely to 1 
direction of rolling could not be obtained. An oil bath was u: 
for the annealing at 100 and 200 degrees Cent. and a fused nitrat: 
bath (1 to 1 mixture of sodium and potassium nitrates) at 

higher temperatures. The specimens were placed in the bath whe: 
at the desired annealing temperature, held for one-half hour a) 


i 





cooled in air. The tensile properties were determined and t!| 
inierostructure studied as described below. 








(c) Methods of Tests 


The tensile tests were made with the same fixtures used in th 





previous work. These are shown in Fig. 1. The threaded ends 







of the holders were screwed into the standard tensile testing 
fixtures which were attached to spherical seats in the heads o| 
the tensile testing machine. This method was used in order to 
obtain as uniform loading as possible over the entire cross section 
of the test specimen. The dimensions of the test specimen used 
are also indicated in Fig. 1. The thickness of the strip was in al 
eases the thickness of the specimen. A 10,000-pound universa 
testing machine was used with a 34 poise, giving a 1000-pound 



















total range of capacity. 

An attempt was made to determine the Brinell hardness, 
micro-Brinell hardness testing machine being used. Reliable r 
sults could not be obtained because even under a 6.4-kilogram load 
with a ;‘:-inch diameter ball, the impression showed on the revers 
side of all except the thicker specimens and those in which ri 
erystallization had not occurred. 

The ends of the broken tensile test specimens were used fo! 
the study of the changes in microstructure, a longitudinal sectio1 
parallel to the edge of the specimen being polished. Care was 
taken to polish well below any area that might have been affected 
by shearing in cutting out the specimen. 


Ill. Resu_ts or Tests 
(a) Tensile Properties of Open-hearth Steel Strip 


The results of the tensile tests of the open-hearth steel strip 
from rolling series 1 and 3 are given in Figs. 2 and 4 respectivel) 
Values for tests of specimens which received the same amount ot 
cold work but were annealed at different temperatures have bee! 
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strip plotted with like symbols. The average curves determined by 
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The curves for series 1 (Fig. 2) indicate that a gradual de 
crease in tensile strength occurred with increasing annealing 
peratures up to 930 degrees Fahr. (500 degrees Cent.) ; this de 
crease in strength was decidedly the least for sample No. 11, whic 
received the least reduction. Between 930 and 1110 degres Fahy 
(500 and 600 degrees Cent.) there was a marked decrease jj, 
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Fig. 2—-Effect of Annealing on the Tensile Strength of Cold-rolled Open 
hearth Steel (Rolling Series No, 1, Lot 1). 





strength. At the latter temperature, all specimens approached 
the same tensile strength, although those which had received thie 
greater amount of cold work previous to annealing had a some 
what lower value. At 1290 degrees Fahr. (700 degrees Cent 
the tensile strength was approximately the same for all, the 
amount of cold work previous to annealing apparently having 
exerted no appreciable influence on the results. 

The corresponding curves showing the relation between tlie 
tensile strength and annealing temperature for specimens from 
rolling series No. 3 (Table III) are given in Fig. 4. Few tests 
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ere made but the data confirmed the results of the tests of speci- 


mens from rolling series No. 1, in showing a preliminary, but rel- 
atively slight, decrease in strength with increase in annealing 
temperature up to 930 degrees Fahr. (500 degrees Cent.), and be- 
tween 930 and 1110 degrees Fahr. (500 and 600 degrees Ceat.) 


very marked decrease in strength. 


The results of the elongation measurements for series 1 and 
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Fig. 3—Effect of Annealing on ihe Elongation of Cold-rolled Open-hearth 
Steel (Rolling Series No. 1, Lot 1). 


3 are given in Figs. 3 and 5 respectively. They are somewhat 
erratic, as might be expected from the type of tensile specimen 
necessarily used. They confirmed, however, quite well the re- 
sults indicated by the tensile strength in showing a very marked 
increase in elongation coincident with the decrease in strength 
within the annealing temperature range of 930 and 1110 degrees 
Kahr. (500 to 600 degrees Cent.). The fact that the marked de 
crease in the tensile strengths of cold-worked metal upon anneal- 
ing is accompanied by an increase in ductility is not new. It has 
been well established by previous investigators in this field. 
Rather pronounced variations were observed in the elonga- 
tion values of the original materials after being annealed (Figs. 
5 and 5). These variations were essentially of the same magni- 
tude, however, as would be found for the initial material before 
annealing. No consistent variation in the elongation was noted 
which would suggest a change due to annealing. The elongation 
the more severely cold-worked samples was apparently not fully 
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Fig. 4—Effect of Annealing on the Tensile Strength of Cold 
rolled Open-hearth Steel (Lot 1) and of Electrolytic Iron (Lot 4, 
Rolling Series 3). 
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Fig. 5—Effect of Annealing on the Elongation of Open-hearth 
(Lot 


Steel 1) and Electrolytic Iron (Lot 4, Rolling Series 3). 





restored to its initial value, although the marked difference i 
elongation between slightly worked and severely worked samples 
annealed at 1290 degrees Fahr. (700 degrees Cent.) was partially) 
due, no doubt, to the difference in thickness of the specimens. 


(b) Tensile Properties of Electrolytic Tron 






The tensile strength-annealing temperature curves for th 
electrolytic iron from rolling series 1 are given in Fig. 6 and thos 
for series 3 in Fig. 4. The general relation of strength to annea! 


ing temperature was apparently the same as discussed above, that 
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a deerease in tensile strength with increase in annealing tem- 
erature. The electrolytic iron, however, showed a very marked 
lecrease In tensile strength between 750 and 930 degrees Fahr. 
100 and 500 degrees Cent.), or about 100 degrees Cent. lower 
than for the open-hearth steel. The curves for the electrolytic 


iron show clearly the effect of the amount of previous cold work 


TENSILE STRENGTH-POUNDS PER SQUARE INCH 
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Fig. 6—Effect of Annealing on the Tensile Strength of Cold-rolled Elec 
trolytic Iron (Lot 5, Roliing Series 1). 


on the annealing temperature, as is evident in comparing the val- 
ues for specimens annealed at 750 and 930 degrees Fahr. (400 
and 500 degrees Cent.), respectively. At the lower temperature, 
the tensile values were approximately the same, with the exception 
of specimen No. 51, which received the least amount of cold work, 


ar while at 930 degrees Fahr. (500 degrees Cent.) the tensile strength 
mples was lower, the greater the amount of preliminary cold working 
rtially of the strip. When annealed at 1290 degrees Fahr. (700 degrees 
S, Vent.) all specimens, regardless of the amount of cold work pre 


viously received, had the same tensile strength. 
The results of the elongation measurements of the electro 


—" lytic iron specimens from rolling series No. 1 are given in Fig. 7. 
ii "hey showed a gradual increase in elongation with increase in 
— : annealing temperature up to 750 degrees Fahr. (400 degrees 


Saat a Vent.), and so confirm the results of the tensile tests (Fig. 6). 
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Between 750 and 930 degrees Fahr. (400 and 500 degrees (\ 
there was a rapid increase in the elongation coincident with the 
decrease in tensile strength. As was the case with the open 
hearth steel, the elongation of the most severely worked saniple 


of electrolytic iron was apparently not completely restored to thy 
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Fig. 7—-Effect of Annealing on the Elongation of Cold-rolled 
Iron (Lot 5, Rolling Series 1). 





Electrolytic 









elongation value of the initial material by annealing at 1290 de 
grees Fahr. (700 degrees Cent.). 


(c) Microstructure 





The microstructure of the two materials previous to cold rol! 
ing is shown in Fig. 8. The effect of the progressive cold rolling, 
series 1, on the distortion of the grain structures of the two is 
evident in Figs. 9 and 10. The structure of the open-hearth strip 
after annealing at 930 degrees Fahr. (500 degrees Cent.) is shown 
in Fig. 11. It was evident that no recrystallization had ovcurred 
even in the most severely worked material. The small grains 
shown in the micrograph of specimen No. 16 were free cementite 
Annealing this material at 1110 degrees Fahr. (600 degrees Cent 

however, caused a pronounced recrystallization in all specimens 
(Fig. 12). The effect of the cold rolling was still in evidence, as 
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Fig. 8—-Microstructure of Open-hearth Steel and Electrolytic lron Strip Previous to Cold 


ling, 100 x The Number on Each Photomicrograph in This, and Succeeding Figures, 1: 
Sample Number of the Material Etching Reagent: 2 Per Cent Nitrie Acid in Aleohol, 


Here and for Succeeding Figures Unless Stated Otherwise. 





ig. 9—-Effect of Cold Rolling on the Structure of Open-hearth Steel Strip (Series No. 1), 
The Percentage Reduction in Thickness, as Well as the Sample Number, is Given on 
Photomicrograph, 


judged by the manner in which the elongated grains produced 


by the cold work had split up into smaller grains, whose width 


pproximated that of the elongated grains. The effect of the cold 
ork on the refinement of the grain structure was pronounced ; 
ie degree of refinement increased with the amount of prelim- 
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Fig. 10—Effect of Cold Rolling on the Structure of Electrolytic Iron Strip (Seri« 
100 x. The Sample Number and the Pereentage Reduction in Thickness in Cold Roliii 
Given for Each, 


cad 
: 


Fig. 11—Structure of Cold-rolled Open-hearth Steel Annealed 4% Hour at 500 
Cent., 100 x. Samples of the Material of Fig. 9 Were Used. 
inary cold working. Fig. 13 shows the structure of the sam 
material annealed at 1290 degrees Fahr. (700 degrees Cent.). The 
recrystallization was quite complete, although evidence of the coli 
rolling was still present in the ‘‘stringing out’’ of inclusions 
Examination of the microstructure of the cold-rolled electro 
lytic iron indicated that pronounced, though incomplete, recrys 
tallization occurred between 750 and 930 degrees Fahr. (400 and 


000 degrees Cent.). Micrographs representative of the structures 
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Fig. 12—Strueture of Cold-rolled Open-hearth Steel, Annealed % Hour at 600 Degree 
Cent.. 100 x. The Material of Fig. 9 Was Used. 





rig. 13—Structure of Cold-rolled Opnen-hearth Steel Annealed % Hour at 700 Degrees 
Cent., 100 x. The Material of Fig. 9 Was Used. 


are shown in Figs. 14 and 15. Recrystallization was quite com 
plete in all specimens after annealing at 1110 degrees ahr. (600 


le same i : i E : 
1 : degrees Cent.), as Fig. 16 will show. 
P it . ’ 
: : In order to determine more exactly the temperatures of re- 
he Cow : ; . ° ° ‘ ’ 
crystallization of the electrolytic iron, specimens from the same 
nS 


samples (Rolling series No. 1) were annealed for one-half hour 
electro : 


; it 540 degrees Fahr. (450 degrees Cent.). The respective micro 
recrys 4 : : 
| i S ructures of the specimens were found to be the same as that of 
HOU and P . . =a . 
iis material when annealed at 750 degrees Fahr. (400 degrees 
uctures 


Cent.) (Fig. 14). No reerystallization was apparent when exam- 
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Fig. 14—-Structure of Cold-rolled Electrolytic Iron Annealed 
190 x. The Material of Fig. 10 Was Used. 





Fig. 15—-Structure of Cold-rolled Electrolytic Iron Annealed % Hour at 500 Degrees Cer 
100 x. The Material of Fig. 10 Was Used. 


ined at a magnification of 500 diameters, even in the specimens 


which had reeeived the most severe reduction in cold rolling. The 
change in tensile properties noted between 750 and 930 degrees 
Fahr. (400 and 500 degrees Cent.) probably oceurred between 
840 and 930 degrees Fahr. (450 and 500 degrees Cent.). A mi- 
eroscopic examination was made of each of the tensile specimens 
from rolling series No. 3. It confirmed entirely the results shown 
by specimens from rolling series No. 1. 
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\icAdam? has reported that ingot iron containing 0.034 per 


cent carbon, 0.01 per cent manganese, 0.008 per cent phosphorus, 
and 0.048 per cent sulphur (copper and oxygen not stated), re- 
quired a reduction of 30 per cent before recrystallization was evi 


dent when annealed at 900 degrees Fahr. (480 degrees Cent.) 
for 8t4 hours. A 40 per cent reduction followed by annealing for 
16 hours at 950 degrees Fahr. (510 degrees Cent.) was required 








Fig. 16—Structure of Cold-rolled Electrolytic Iron Annealed 4% Hour at 600 Degrees Cent., 
1090 x. The Material of Fig. 10 Was Used. 


in order to produce complete recrystallization. The temperature 
reported by MeAdam is within the range, 840 and 930 degrees 
Fahr. (450 and 500 degrees Cent.), found for electrolytic iron, but 
in the present work reecrystallization was noted in the specimen 
which had received a reduction of 44 per cent, which was held 
it temperature for only 14 hour. However, recrystallization of 
the electrolytic iron was not complete when annealed at 930 de- 
yrees Fahr. (500 degrees Cent.) for 1% hour, even in a specimen 
which had reeeived a 90 per cent reduction by cold work. Had 
the specimen been heated for a longer time the recrystallization 
would undoubtedly have been more complete. 

Chappell® reported incipient recrystallization at 350 degrees 
Cent. in a wire containing 0.07 per cent carbon which had re- 
ceived 89.2 per cent reduction in area by cold drawing. The time 
at temperature was not stated. The general appearance of new 


McAdam, D. J. Annealing Temperature and Grain Growth. Proceedings, American 
for Testing Materials, Vol. 17, pt. 2, p. 59, 1917, and Vol. 18, pt. 2, p. 69 (1918). 


Chappell, C The Recrystallization of Deformed Iron. Journal, Iron and Steel Institute, 
t, Vol. 89, pt. 1, p. 460. 
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Fig. 17—Microstructure of Specimens of Cold-rolled 
Electrolytic Iron Annealed for 24 Hours at 360 Degrees 
Cent, and Then for 24 Hours at 425 Degrees Cent., 500 x. 
Etching Reagent: 2 Per Cent Nitric Acid in Alcohol. Speci- 
men 54 Was Etched in Boiling Potassium Permanganate 


Solution for 30 Minutes, After HNO, Etching. The Dark- 
ened Particles are Cementite. 
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tals, however, was not apparent until the severely worked 

was annealed at 930 degrees Fahr. (500 degrees Cent.), at 
which temperature, he stated, ‘‘normally shaped allotriomorphic 
rystals were easily visible at high magnifieations.’’ It is well 
nown that inerease in the heating period at the annealing tem 
perature lowers the apparent temperature of reecrystallization o! 
. cold-worked metal, as determined by the first appearance of new 
rains visible with the aid of a microscope. In view of the rela 
tively low temperature of incipient reerystallization reported by 
Chappell, specimens of electrolytic iron (Lot 5) obtained from 
aiuples from rolling series No. 1 were annealed for 48 hours be 
tween 660 and 680 degrees Fahr. (350 and 360 degrees Cent.). 
\licroscopie examination of these specimens under a magnification 
of 500 diameters did not reveal the presence of any new grains. 
The specimens were then placed in the salt bath at 800 degrees 
Kahr. (425 degrees Cent.) and maintained at this temperature 
for 24 hours. Under a magnification of 500 diameters marked 
recrystallization was apparent in specimen Nos. 54, 55, and 56, 
is shown by Fig. 17. A few minute and poorly defined grains 
were to be seen in specimen No. 53 which had received 70 per 
cent reduction in thickness (Table I1) but no distinct grains were 
visible in specimen Nos. 51 and 52, which had received the least 
amount of cold work. No. 52 had received a 63 per cent reduc 
tion. The conclusion may be drawn that a reduction of approxi 
mately 70 per cent is necessary in order to cause ineipient re 
crystallization in electrolytic iron in the form of thin strip at 
S00 degrees Fahr. (425 degrees Cent.). 

Similar specimens from Lot No. 5, rolling series No. 1, were 
annealed at 750 degrees Fahr. (400 degrees Cent.) for 24 hours 
and examined for evidence of recrystallization. At a magnifica 
tion of 500 diameters no recrystallization was apparent in any of 
them. Specimen No, 56, which had received a reduction of 90 per 
cent, had at this magnification a slightly different appearance in 
certain areas. Under a magnification of 1000 diameters these areas 


were found to contain very minute but poorly defined grains (Fig. 


Is The results were not definite enough, however, to warrant 
i the conclusion that recrystallization had begun. 
BS There were visible in all specimens, small grains of cementite 
P Which were often very similar to, and difficult to differentiate 


{ 
> iO] 


i, new ferrite grains forming at the erystal boundaries of the 
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solution after the etching in nitric acid, whereby the cementi:, 
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severely worked metal, as may be seen in micrograph of sp 
No. 16, in Fig. 11. 


of the grains, the specimen was etched in potassium permaneyay, 





Where there was any doubt as to the ; 


particles were darkened in contrast to the ferrite grains 






rite grains and the black areas the cementite. 






structural changes with increase in annealing temperature sli 
that electrolytic iron of the composition used underwent marke: 
recrystallization between 840 and 930 degrees Fahr. 
000 degrees Cent.), 


Cent. ). 


iron. 


Iron Reduced in 
Cold Rolling and 


90 Per Cent by 
Degrees Cent. 





this double etching. 


LV. Discussion or RESULTS 


Kig. 17, the micrograph of specimen 54 illustrates the resul{s 











The light areas are the newly formed fer 


The results of the tensile tests and the study of the micr 
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whereas the open-hearth steel did not shio\ 
marked recrystallization until annealed 
where between 930 and 1110 degrees Fahr. (500 and 600 degrees 


1 temperature some 


This difference in the respective recrystallization tem 
peratures is probably due to the relative purity of the electrolytic 
It has been established by other investigators that impur 


ties raise the temperature of reerystallization of a metal. 


*Groesbeck, 


Metallographic Etching Reagents 
Standards Scientific Paper 518. 
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RECRYSTALLIZATION OF COLD-ROLLED STEEI So 


.jovests itself as a possible factor in accounting for the difference 
‘1 behaviour of the two materials. Pilling® has shown that hydro- 
won begins to be evolved at 195 degrees Fahr. (90 degrees Cent.), 
and that the maximum rate of evolution is at 390 degrees Kahr. 
2) degrees Cent.), although the action is not fully complete 
until the iron has been heated above the A, point. Reed® reported 
that electrolytic iron (cathodes) became malleable at 650 degrees 
Mahr. (343 degrees Cent.) and recrystallized at 1245 degrees Fahr. 
675 degrees Cent.). Rawdon‘ found, in a study of the effect of 
hvdrogen on the thermal expansion and thermal analysis of iron, 
that any irregularities in the heating curves below A, disappeared 
after the first heating. 

The electrolytic iron used in the experiments reported here 
was deposited in tube form and then annealed sufficiently to make 
it malleable. The strip prepared from this tube in the manner 
previously stated, after a light reduction by cold rolling, was given 
an anneal at 1400 degrees Fahr. (760 degrees Cent.) previous to 
the cold rolling tests referred to earlier in this report. There 
fore, it does not appear possible that sufficient hydrogen could 
be present in the material used in these tests to have influenced 
the properties of the strip. 

The tensile tests showed a gradual decrease in tensile strength 
with increase in annealing temperature below the temperature at 
which pronounced reecrystailization occurred. This decrease in 
strength was probably associated with the first internal changes 
in structure oceurring in the metal resulting in the birth of new 
vrains sub-microseopic in size. At the lower annealing tempera- 
tures there was also probably a release of the internal strains 


which are set up in a metal by cold working. 


V. SUMMARY AND CONCLUSIONS 


A study was made of the respective temperatures of recrystal] 
lization of electrolytic iron and open-hearth steel especially selected 
lor deep drawing operations. The study is a continuation of a 
previous investigation of the comparative cold rolling character. 
stics of the two types of material in which the electrolytie iron 


g, Norman B Effect of Heat Treatment on the Hardness and Microstructure of 
ted Tron Transacticns, American Electrochemical Society 42, p. 9, 1922 


] L An Investigation of the Pronerties of the Iron Carbon Allovs, Carnegi: 
Yemoirs, Iron and Steel Institute, Vol. 14, 1925 


lon, Hidne rt and Tucker Some Effects of Hydrogen on Tron Forthcoming Paper 
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was found to be slightly superior. 


Tensile tests and microstrict) 


studies were made of strip given different amounts of work 
cold rolling and annealed at progressively increasing tem, 
tures. 











The results confirmed the fact which has been well 
lished by previous investigators that a marked decrease in | 











sile strength of cold-rolled metal oceurs upon annealing which 





accompanied by as marked an increase in elongation. 


LULES 


of the electrolytic iron and the open-hearth steel, has not bee 
discussed in the literature, so far as the author knows. || 





The noticeable difference in the recrystallization temperat 








found that electrolytic iron underwent a marked recrystallizatiy; 
when annealed for 4% hour at 930 degrees Fahr. (500 de 








UT ees 





Cent.), as revealed by the microstructure and by the chanve } 
tensile properties. 





Incipient reerystallization was also noted 
a specimen annealed for 24 hours at 750 degrees Fahr. (400 | 


orees Cent.). 











In the open-hearth steel marked recrystallizat 


Lil 





was observed in specimens annealed at 1110 degrees Fahr. (( 

degrees Cent.), while no marked change was observed in sp 

mens annealed for 14 hour at 930 degrees Fahr. (500 degrees 
Cent. ). 























composition studied has a lower temperature of recrystallizatio 


While the electr 


than special selected open-hearth strip steel. 











pure iron. 





The recrystallization temperature of really pure iro 
would probably be different from that found for the electrolyt 
iron used. 




















of R. D. France, who made all of the tensile tests, and of J. \\ 
Brewer, who prepared all the specimens for microscopic examina 
tion and made the micrographs. 














The conelusion may be drawn that electrolytie iron of the 


lytic iron used was fairly low in impurities, it is by no means 


The author would express his appreciation of the assistance 
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STRESS-STRAIN CURVES AND PHYSICAL PROPERTIES 


OF METAL WITH PARTICULAR REFERENCE 
TO HARDNESS 


By H. P. HoLUNAGEL 


Abstract 


The physical properties of metals as associated with 
the stress-strain curve, are discussed and interpreted in 
terms of atomic forces of restitution, slip of an atomic 
vature and in mass. Interfering material is set forth 
as being the amorphous phase and hardness is defined 
as an average property of all the physical properties 
which are expressible in terms of the stress-strain curve, 
a means being suggested of correlating various hardness 
numbers. A line of research has been suggested to the 
end that a proper solution of this problem may be ob. 
tained. It is furthermore pointed’ out that hardness 
from the viewpoint of an average property may be de- 
fined as the work per unit volume per wnt strain, and 
that this definition has the physical dimensions of 


pressure, 
THe STRESS-STRAIN CURVE 


C' BSTANTIALLY all commercial metals are composed of ce- 
J herent crystal fragments oriented more or less at random. 
These fragments vary in size from easily visible dimensions dowi 
to sub-microscopiec magnitudes. The common boundaries of ad- 
jacent grains are regarded as_ possessing characteristics oi 
imorphous or imperfectly crystallized material. Such conglomer- 
ites will, under a stress applied in any one direction, manifest 
leforming tendencies which accordingly are different in char- 
cter, depending upon the aggregates affected. (See Fig. 2). 
If AB be the direction of applied stress, it is resolvable into two 
omponents, one AC along atomic planes, the other BC perpendie- 
ilar to them. The one causes slip along these planes, the other 
otation about centers within the individual crystals.’ 

\s a result, amorphous material at the boundaries is either 
n tension or compression. Because of this and the irregular spac- 


The diagram herein given is in terms of two dimensional considerations, though the 

tion of ferces may be made equally well in three dimensions. 

\ paper presented before the Hardness Testing Symposium of the Society 
Cleveland Convention, September, 1925. The author, Dr. H. P. 

ngel, is physicist, Thomson Research Laboratory, General Electric Com- 


Lynn, Mass, 
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ing of the atoms, atomic forces of restitution are either t | 
attraction or repulsion. In either case the resulting action is tha; 
of restoring moments acting on individual erystals to cause thei, 
return to original positions. As atomic slip occurs at lower stres 
values than does slip in mass, and since the distribution of stres 
in any metal test piece is non-uniform (thereby permitting of 
highly localized stress conditions), these conditions are operative 
in every stress consideration. The ever-present forces of restity 
tion exercise the preponderating effect in the unbalanced cond; 
tion of forces for low values of stress, but when the stress is of 
such a magnitude as to exceed the equilibrated values of the r 
storing forces it definitely overcomes them, and slip occurs. (on 
sequently, the restoring couple, together with atomic or block sli 
gives a satisfactory means of formulating physical concepts 
various properties in terms of a stress-strain diagram. 

In no ease does any portion of a stress-strain curve of ai 
ordinary solid, like a metal, represent a particular physical pro 
erty alone. In order to make this clear we will discuss 


elastic, (b) hysteretic, and (e) permanent deformation. (Fig. ] 


a 


The first of these causes a displacement of material in co 
formity with Hooke’s Law and is viewed as being the result 
an attempted alignment of the different aggregates along thi 
lines of stress. (Fig. 2). This results in an interference at inte! 
erystalline planes, causing interpenetration if in compression, or 
dilation if in tension of atoms during stress (whether of chaotic 
or regular distribution), and elastic return consequent upon re 
moval of that stress. The effect takes place in a direction at 
90 degrees to that parallel to the atomic planes of the erystals 
it exercises the major influence outweighing such other conditions 
as may exist in the early stress history of a material; for example, 
it is known that slip occurs along atomic planes to some degree 
simultaneously with elastic deformation; it is, however, insufficient 
to completely change the slope of that portion of the stress-strain 
curve which is due to elastic deformation.* Such slip* occurs be 


low the proportionality limit, but there is not a sufficient volume 
of material thus affected because of the interfering forces ol 


neighboring aggregates which act hydrostatically to prevent such 


‘H. H. Lester, Ph. D., has very kindly placed at the writer’s disposal informat 
firming this view 


‘For a discussion of slip interference theory of hardening metals see Jeffries and 
‘Science of Metals,’’ McGraw-Hill, 1925. 
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STRESS-STRAIN CURVES 


except at positions where the material is not contained. 
Second, as the crystalline masses become more coerced from 


the positions corresponding to their respective orientations, slip 
takes place to a greater degree, with gradual decrease in the inter 
fering forces consequent on, the stress not only equaling, but 
locally exceeding the atomic forces of restitution. Moreover, the 
elastic interfering forces are no less locally than before, but owing 


o the dispersion of their effort and the readjustment of atomic 
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Fig. 2—Schematic Representation of Chaoticall) 
of Deformation. 


planes to new positions of partial equilibrium, on the average 
their result is less and an increase of slip along these planes sets 
the material in part in new configurations. Directly above the 
elastic limit, therefore, there exists a transition region in which 
material after being stressed if permitted to rest tends to relieve 
itself of strain and return to its original state of perfect elasticity. 
As a matter of fact, it never does completely recover. 

lt has been pointed out that as the stress comes on, there 
is a gradual tendency toward alignment; there also results a slip 
effecting a departure from perfect elasticity; simultaneously the 
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interfering forces tend to prevent the rotation of crystal 
If, therefore, the components of tensile stress which act 





versely to atomic planes of crystalline aggregates overcome 4), 





repellent and attracting forces of the atoms, there is onl; 





result as the stress increases, i. 





, more slip. This is equivaley 








the statement that the longitudinal stress along atomic ))|; 








transverse 
The greater the penetration into or the dilation of the 
from one another, the more do forces of atomic repulsion 


































Representation 
Distributed Crystals and the Forces Tending to Cause 
Slip and Rotation of Them. 




















attraction themselves 











once equilibrium has been attained, there will be greater grain 
interference, i. e., at right angles to the direction of further sli 
along the atomie planes. 








In this manner strains resulting frow 





interference become permanent as the latticed aggregates are dis. 
torted or destroyed, they having become welded one to anothie! 








through their distortion or destruction in the amorphous phase 





This represents what has taken place at C’ under permanent i 
formation when slip in mass has occurred. 








Before passing directly to a consideration of the stress-strain 
eurve and its relation to hardness a few of the physical proper. 
ties which relate to materials will be examined. 



















PHYSICAL PROPERTIES 





The three points characterizing a stress-strain curve are: 
the proportionality or elastic limit—P; (2) the yield point 
In the light of what has been 








the ultimate limit—uU. 
said, they have the following significance: P, (Fig. 1), 
a point in the strain history of a specimen of metal just beyond 
which slip on atomic planes outweighs the transverse forces 
restitution previously referred to. In a perfectly elastic material 
no such point exists, its restoring forces are always 100 per cell 
effective, whereas, for an imperfectly elastic substance, immedi 
ately above this point, 
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19 STRESS-STRAIN CURVES 9] 
.. configuration, in the aggregate, causing the average restoring 
moments of the forees of restitution to be insufficient for im- 
mediate recovery to the original state. Below this point the mate- 
ria] returns approximately on removal of the stress. 


The point Y indicates that slip on atomic planes and in mass 
has so far outweighed the forces of restitution that the configura- 
tion of separate aggregates forming a certain volume of the test 
niece has been progressively and definitely distorted or destroyed. 
The major forces of restitution of the individual aggregates have, 
therefore, become ineffective and another crystal arrangement has 
resulted. Below this point, considered from a macroscopic point 
of view. the material will, in. time, resume its original dimen- 
sions to a very considerable degree. 

The point U is the stage at which restitution is zero and 
atomic slip and in mass has proceeded to such an extent that the 
<o-called keying action between slip planes has caused complete 
| Such a volume of the material has been 
lestroyed that shearing is effected at the crystal surfaces with 
result that rupture occurs. Not only have crystal blocks 
been actually ruptured, but fracture has occurred at crystal bound- 
ies. This may be seen in Fig. 3° by close examination of the 
ine of fracture. 

Brittleness. When P, Y and U are of such values as to be 
practically indistinguishable a substance is said to be brittle. In 
the words of the tester, when elongation per unit length beyond 
the proportionality limit is exceedingly small, the departure from 
Hooke’s Law is negligible and the material ruptures at the same 
stress as that at which it yields. See Fig. 4, Curves IV and VII. 
'his requires that the atoms or aggregates to be so firmly packed 


lestruction of same. 


the 


ind interlocked that a condition of destruction is imminent under 
the slightest displacement from the physical conditions existing 


at P. A locally applied stress of considerable magnitude may 
ause the internal strains necessary in such eases. <A _ condition 
{ highly strained comminuted crystals with considerable amor- 
phous material included, as previously described, would account 
for this condition in a metal. Glass is an example of a brittle 
amorphous substance. 


Ductility. When Y is removed from P, and U is markedly 


stant from Y, then the material is ductile, for though elastic after- 


} 


1 through the kindness of Dr. H. H. Lester. 
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effects cause a gradual readjustment of the test piece, this 
slight compared to the change which permits of permanent 
tion of the specimen, that it is insignificant in the final 
(See Fig. 4, Curves V and VI.) 

In a material like copper, P and Y are quite close 
gether, while Y and U are relatively far apart. The strain 
unit stress applied is much greater than is the case just 





Fig. 3—Photograph of a Bar of Steel Showing the Manner in which Fracture 
Occurred at Crystal Boundaries. 


the proportionality limit. In ordinary materials, this necessitates 
that the substance slip along atomic planes to a greater exten! 
than in non-ductile materials. This also requires that in the proc 
ess of stressing a specimen, the latticed aggregates be larger than 
those in which there is less slip. In other words, the disruption 
of material, with the formation of smaller crystals does not take 
place until these planes have been sufficiently destroyed by keying 
action between them to form the interfering material which, 1” 
a large measure, causes restitution and in this case simultaneous!) 
toughens the same. If the stress is interrupted, restoring 
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this is oo vise a redistribution of the material, which modifies its physical 
nt distoy sharacteristies. As a result, Y and U may not be far removed 
lal result from each other, but are elevated in value. While paradoxical 
therefore appears that ductile materials become more resistant 
Close | + stress by reason of their ductility, 1. e., the destruction of larger 
strain p acoregates in the stressing of materials causes the small crystals 
ust { t li 
vV Impenetrable, very elastic quite rigid and brittle . 
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Fig. 4—Stress-Strain Curves Indicating Relative Phys 
ical Properties. 


Fract 


to form; these in turn interfere more and more, causing slip in 
mass as here explained. If the lattice be perfect and under stress 





ecessitates 


fer extent and the proportionality limit be exceeded, a condition of chaos re- 
the proc > sults within the erystalline structure and the ductility of the mate- 
reer than rial becomes less as a consequence.® 

lisruption Resilience. A body which, under stress, has its dimensions 
; not take onsiderably altered, but on release of the stress resumes its 
by keying original dimensions immediately without trace of permanent 
which, in JR set, or very approximately so, is said to be resilient. This means 
taneous!) > that in the stress-strain diagram (Fig. 1, the distance between 


ar Torees 
ing iol i SW 


Davey has shown this to be true for a perfect lattice of copper. 
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the body. 









denly in mass, (beyond Y) 






at inter-erystalline surfaces. 





While rubber is not 






high degree. 





See Fig. 4, Curve TT. 


Plasticity versus Viscosity. 
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P and Y may be relatively large and that between Y 
It also requires that much energy be stored in 


slip along the direction of atomic planes to new 
librium (below Y), but is insufficient in 


which acts to interfere with the aligning 


displacements 


the load applied and returns to its original state 
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forces, consequently when the latter forces have re 
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terial as is present in the randomly oriented lattice 
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STRESS-STRAIN CURVES 
longer the stress is applied, having no elastie limit.* Sub 

~onees like glass show viscous characteristics over long periods 
‘ime, though they may be brittle to ordinarily apphed and im- 
se S~Tresses. 

If any plastic or viscous material be contained on all sides, 
nd pressure applied, it will act like an incompressible fluid." 
'y facet. Dr. Bridgeman, of the Jefferson Physical Laboratory at 
Harvard University, has caused glass to flow under high pressure 
howing it to have the viscous characteristics of a fluid. A plastic 
material is represented in Fig. 4, Curve III, a viscous material in 
Kiev. 4, Curve I. 

The question arises—how can a viscous material also appear to 
he brittle? If the period of application of the stress is of the nature 
an impulse time, and is of such an order of magnitude that 
there results little or no inter-penetration or dilation of the atoms 
which make up the closely packed structure of the substance, then 
there will be no apparent give to the material. ‘To all appear- 
ances, the body will act instantaneously as perfectly rigid material. 
The forees of resistance which characterize inter-penetration have 
magnitudes due either to external or internal stress such that the 
material while lecally ruptured by impact still retains its contour 
ind appears to be rigid. In fact atoms penetrate others until 
equilibrium has been attained and beyond this stage their configu 
ration is actually destroyed by the shearing action of the stress.'° 
When this occurs in quantity rupture has oceurred locally. 

Finally, it requires time to produce the gradual effects known 
as flow, which in plastic materials, occur as the result of slip 
between erystalline planes; such substances, when impacted, will 
it brittle and locally rupture, unless so plastic as to flow under 
that kind of stress in the time of impact, in which case, they possess 
relatively low moduli of elasticity (lead). Materials that are irreg- 
ilarly close-packed, do not have the capacity for absorbing shock 
readily in this manner, therefore, under impact they must have 

1) either sufficient strength to withstand a bending stress locally," 


Local citation, 


Bridgeman, Proceedings of the Jefferson Physical Laboratory. 


This effect brings cogently to mind the action of a strong non-uniform magnetic field on 
f metal which is being forcibly removed from or inserted into it; as is well known, 

' of the induction, there results a mechanical reaction tending to prevent either. It is 
ossible to accomplish the removal or insertion at high speeds without the expenditure 
auantities of energy. 


rebound devices used for testing hardness the materials tested are hvdrostatically 
it the point of stress and, therefore, withstand local stress well 
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/ 


the capacity to glide or flow under the action of impulse fore 
or (3) being wholly amorphous they fracture. In a crystalline 
material. slipping would occur on interatomic planes, or int 
crystalline surfaces under such stresses, particularly if the crys 
talline blocks which constitute the structure are hydrostaticall 
contained and the forces localized. Ordinarily the last condition 
not true in most large impact testing devices and as it takes time to 
displace even the smallest mass, the phenomenon of flow does yo 
take place to any marked degree. This being the case a reasop. 
able explanation is offered why atoms take the shock rather tha 
blocks of crystals as manifested by their displacement in mags 

To be sure, if the magnitude of such stresses be sufficient 
the time required may be less since large enough forces then caus 
impact effects of deformation and materials that are contained 
may be caused to flow at the surface of application of the stress 

When neither slip nor actual rupture take place, to an qj 
preciable extent in a metal, the reaction evidences itself as a r 
flected wave, which is dissipated as heat within the material. Under 
such conditions the displacements are all elastic and the wave wil! 
be an average reaction measured by the energy returned whe 
stress is released.’* This being the case the phenomena of fiov 
taking place for gradually applied loads, has no appreciable effect 
and the strain resulting per unit applied stress is markedly lowe: 
than is required at the elastic limit. The material, therefore 
appears to act as though it had a higher modulus because of this 
lower value of the strain resulting as a consequence of the shor! 
impulse time. (Fig. 6.) 


in which case they are not affected by impact; (2) not 


Therefore to impact stresses most materials act more rigidl) 
than to gradually applied and increasing stresses. Most of tlie 
more rigid metals are apparently the same in this respect. | 
would seem that all metals from those of low to those of hiy! 
moduli of elasticity would show apparently higher moduli under 
impact. 

Toughness. If a material has a high ultimate limit, relativel) 
high modulus and a considerable ductility, it will be represented 
by a curve of the form shown in Fig. 4, Curve VI. If, with this 
ductility, the elastic limit of the resulting material has been raised, 
as has previously been indicated, it has a structure such that for 


“The time of return of this energy will depend upon the velocity of sound in the n 
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tress beyond the elastic limit, the interference with slippage along 
tomie planes is great. Slip in mass of the material occurs 
notwithstanding the interference offered and rupture occurs when 
the clashing, due to the keying effect, outweighs the interference 
of restitution despite its magnitude. 

Impenetrabiity and Malleability. A material, to be impene- 
trable must have high values of the modulus of elasticity, pro- 
portionality limit, little or no plasticity, and a high ultimate limit. 
it must be rigid. A metal, to be penetrable, must be plastic; 
have low modulus, proportionality and ultimate limits. This 
means that it would also be malleable. A high modulus requires 
creater effect of the forces of restitution per unit applied stress, 
therefore, fine grain structure. Under these conditions, slip in 
mass and atomic planes, would be reduced to a minimum, which 
makes both yield point and ultimate high. The opposite will 
be true for malleability. (See Fig. 4, Curve VII.) 

Elasticity. Most bodies in nature are perfectly elastic to 
some degree, i. e., to a certain extent return to their original 
physical state from that of strain when the stress has been re- 
leased. The degree of their perfect elasticity is largely determined 
by the value of their modulus of elasticity. Furthermore, they 
are not particularly characterized by resilience, in which ease the 
magnitude of the strain per unit stress applied is very large, as in 
rubber. 

The most perfect elastic material would be one in which all 
atoms would be either in tension or compression and would have 
forces of restitution which were dependent only upon the complete 
interpenetration or dilation along atomic radii. Such material 
would always manifest 100 per cent coefficient of restitution for 
all strains; but substances in the industry are perfectly elastic 
only to the proportionality limit. 

Is rubber elastic? It is, but to a very much less degree than 
a material like glass or quartz. The last mentioned are moreover 
brittle and show practically no resilience. Steel may be elastic, 
and ductile or brittle, depending on its heat treatment; in like 
manner a material like copper may be elastic up to a certain 
stress but plastic beyond that. The stress characterizing this 
point is the proportionality limit P. (Fig. 1). Therefore, an 
elastic material is one that has not only a high value of Young’s 
modulus of elasticity, but also of the proportionality limit. 
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Whereas these materials all return to their original shape 
removal of stress within the proportionality limit, the dis; 
ment per unit stress in rubber is much the greater, i. e., 
relatively higher resilient qualities. 

Beyond this point, every stress and strain correspond 
thereto indicates an instantaneous value of the elasticity that 
acterizes a material momentarily. This is the result of a redistyi| 


tion of the crystalline conglomerate caused by erystal rotati 
resulting in atomic and inter-crystalline slip and atomic penetra 
tion. Consequently, every point beyond P is indicative o! 
other material caused by what in practice is ordinarily ret 


all 
arred 
to as cold work. When sufficient of the material has actual) 
yielded there will be relatively slight return to the original stat 
on release of the stress, and as previously referred to the elasti 
after-effect will be of little consequence. Such metal, if allowed 
to rest for a time will, upon re-application of the load, exhibit 
values of P, Y and U, in excess of previous ones. 

Modulus of Elasticity. The modulus of elasticity has bee 
shown to be an important factor in all these discussions. ‘her 
is no material either perfectly rigid or soft in the absolute sense 
for all substances lie between two modular extremes (See Fig. 5 
again, it has been shown that no medium acts directly in accordane 
with Hooke’s law throughout its entire stress-strain history, but has 
other physical properties, such as yield point, proportionality |imit 
and ultimate limit, which in turn determine the characteristics 
know as brittleness, ductility, (plasticity) toughness, resilienc 
rigidity, impenetrability, elastcity, malleability. 

There is one quality that has been omitted—hardness; it has 
not been used because no simple way of presenting it has been 
divulged. On purely theoretical considerations, it should be asso 
ciated with rigidity and therefore everything should be classed 
between materials having zero and infinite moduli of elasticit) 
This would be ideal were everything elastic and Hooke’s |a\ 


obeyed throughout the stress-strain history, but as this is not true 


rigidity alone as a criterion of hardness is impossible. 

Rigidity. If a stress, whatever its magnitude, produced zero 
strain in a body, the modulus of that material would be infinitely 
great; it would be perfectly rigid, the hardest material, with an 
elastic limit of infinity, and neither yield point nor ultimate limi! 
would be measurable, for they would be infinite in value. Most 
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materials in nature are elastic to a degree and are, therefore, de 


ed within the proportionality limit in conformity with Hooke’s 
The ease where a minute foree produces a very large strain, 


~ when the modulus of elasticity approaches zero as the force 


diminishes in magnitude to the other extreme. This would be 


ndieative of the softest material. A material having this char 
eteristie would be the one that had zero modulus, zero elastic 
limit, no rigidity, yield or ultimate limits. 

The moduli of two such materials, neither of which exists, 

iid be represented by the coordinate axes as shown in Fig. 5. 

\lost engineering substances lie between these. In represent 
ng the physical facts herein set forth any one may be character- 
ved partially at least by a curve lying between these extremes 
and having the character set forth in Fig. 4. There are shown in 
Figs. 5 and 6 moduli of a number of materials and as has been 
ndicated the most impenetrable and softest materials have infinite 
ind zero moduli respectively. The modulus alone, however, is in 
sufficient to characterize an engineering material from a technical 
standpoint, and as the other necessary properties have already 
heen examined in terms of the stress-strain curve it seems that 
proper means is afforded by the stress-strain curve for the char- 
cterization of most engineering materials. 

It is therefore necessary in properly characterizing such a 
material to define it in terms of effects, depending upon the chem 
‘al and physical i. e., the atomic and erystalline, microscopic and 
macroscopic constitution of the material. 

Hardness as an Average Property. A little reflection will 
establish this view, particularly after considering (1) the elastic de 
formation due to the interpenetration of the atoms in crystals; (2) 
the deformation characterized by ‘‘elastic after-effects,’’ and (3) 
that due to slip on atomic planes and in mass, which give the 
vield point and ultimate limit due to the ‘‘keying’’ of crystals. 
As pointed out these phenomena cannot be considered as taking 
place independently and in succession as the stress-strain curve 
would seem to indicate, but rather simultaneously. As one in- 
creases, its effect exceeds the others and the result observed, while 
an average, is determined by the major influence. An average 
property which ineludes the effects of all other characteristics 
ncluded in the stress-strain curve is hardness. It is an average 
esistance of the material to deformation of any kind, for the 
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resistance, whether of restitution or keying, has different valyoes 
throughout the specimen. This hardness may be divided into two 
kinds, that characterizing the surface and that due to cold work 
In either case it represents a physical resistance, due to an average 
of the resultant forces of restitution of that volume of materia! 
which is immediately affected by the working stress. 

It may be defined in terms of the stress-strain curve as this 
gives a record of the necessary physical facts for a particular 
piece of material. (Fig. 7). 





Figs. 5 and 6—Curves Showing Moduli of Elasticity of 
Various. Materials, 


The area under this curve is indicative of the energy re 
quired to stress a certain volume of the substance to the ultimate 
limit. It is characterized by three parts, O B P and B P Y D 
and D Y U C. The first is the deformation energy necessary 
to stress the material at the surface to the elastic limit. The 
second, the energy which characterizes the work of deformation 
beyond the proportionality limit to the yield point and may be 
termed the energy of hysteresis. The third, the energy which 
characterizes cold work, i. e., between the yield point and the 
ultimate limit. If, therefore, these be summed up, there results 
the energy used in overcoming three effects. This acts on a cer- 
tain volume of material developing a strain. If distributed uni- 
formly over the entire strain a quantity results which is related 
to all its engineering properties. It therefore appears that solid 
substances have a particular property characterized by the work 
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Jone on them per unit volume per unit strain for the applied 
styess. This property has different values, depending entirely 
upon what portion of the stress-strain curve is examined. At P, 
for example, its value is 
(OP) (OB) OP 

2(OB) 2 


\t Y it has the value given by the 
area OYD, 


OD 


and so on. In this manner a value may be obtained which is 
characteristic of any portion of or the entire stress history of 
a material. This the writer has called the average hardness. It is 4 
definite physical quantity having the dimensions of pressure 








9 B Strain C 
Fig. 7—-Hardness Characterized by the Energies of 
Elastic and Permanent Deformations. 
ML! T-*] being the work necessary per unit volume per unit 
strain to overcome the average of the forces of resistance of all 
the atoms participating. This in the last analysis also character- 
izes the different hardness numbers referred to in practice. It 


paged 2 


is termed the average hardness of the material not only because 
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it is an average of the atomic forces of restitution with which 
we are concerned but also because the work of deformation jx 
cumulative in effecting a resultant strain. This, when divided 
by that strain, must give an average value. It is equivalent to 
constructing a rectangle of such a height as to give the same area 
as that under the curve having the strain as its base. 

As will be seen, it provides a possible means for comparing 
various types of hardness numbers. These are determined }y, 
devices which do work while elastically or permanently deform 
ing material in a non-uniform manner, and as there is a stress 
strain diagram characteristic of every solid of given dimensions, 
a comparison of their numbers resolves itself into a determination 
of the volume of stressed material and the magnitude of the 
strain. Of these, the former is the more difficult. 

The area under a stress-strain curve varies in character with 
the magnitudes of (a) modulus of elasticity, (b) proportionalit) 
limit, (e) yield point and (d) ultimate limit of the material. |i 
is understandable that when all of these are high a large value 
II, of the average hardness is to be expected. (Curve I, Fig. 8 
If the value of (a) is high and the values of (b), (ce) and (d 
are such as to flatten the curve at relatively low values of the 
stress, a value H, will be lower (Curve II, Fig. 8) than when 
there is considerable ductility accompanied by a lower value of 
the modulus of elasticity and a high value of the proportionalit) 
limit—H, (Curve III, Fig. 8). 

On the other hand, if the modulus of elasticity is low, as in 
certain metals, and the ductility relatively high, with compara 
tively low value of (b), then a value like H, or H, will be ob 
tained which is entirely different from either of the other three. 
As referred to, this depends upon the ultimate limit and the value 
of the strain (Curves IV and V, Fig. 8) from which it is eviden' 
that values of average hardness may be obtained to fit almost any 
of the many cases which may arise. 

All metals have approximate proportionality limits. This 
makes possible the determination of a quantity which is charac- 
terized by the modulus of elasticity and the proportionality limit 
of the material. This property would be determined by the work 
represented by the area of a triangle for each substance as divided 
by its base. For purposes of discussion, we may call this the 


‘faverage surface hardness’’ of the material. It is characterized 








ang! 
mate 


port 





ith whieh 
mation Is 
1 divided 
valent to 


Jame ares 


omparing 
nined hy 
’ deform 
a stress 
mensions. 
"mination 
e of the 


eter with 


rtionalit) 


erial. [it 
rere value 
Fig. 8 

and (qd 

2s of the 
an when 
value of 


tionality 


OW, as In 
compara 
ll be ob 
er three. 
the value 
s evident 


most any 


s. This 
3 charac- 
lity limit 
the work 
3 divided 
this the 


acterized 





STRESS-STRAIN CURVES 103 
»y the depth of material associated with the surface which man- 
fests its resistance to deformation by return to original dimen 
sions when the stress is removed. 

The ratio of the mutually perpendicular sizes of such tri- 
angles determines the respective moduli of elasticity of the various 
materials concerned. One-half of the stress ordinate at any pro 
portionality limit P will be directly proportional to the surface 
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noes woe eceqeece = 





Strain 


Fig. 8—Various Kinds of Stress-Strain Curves 
and the Average Hardness Characteristic of Them. 


hardness of that material at that limit. Figs. 5 and 6 show a 
series of graphs of the moduli of several materials. In like man- 
ner the surface hardness of metals at any stress within the pro- 
portionality limit is directly proportional to one-half the applied 
stress. Therefore, for any given value of the strain (A) the aver- 
age surface hardness numbers of metals should follow a relatively 
simple law. (Fig. 9). 


The hardness as measured by any device in which the ultimate 
limit is arrived at for a portion of the material will be made up 
of two parts, one the average surface hardness here referred to; 
the other, that due to cold work. As shown in Fig. 7, the result- 
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ing average hardness as determined by indentation will therfore 
be made up of two factors, generally speaking, one characterized 
by the modulus of elasticity and the proportionality limit, the 
other by the proportionality limit, yield point, and ultimate limi 
which determine the cold work. As has been pointed out this 
requires a consideration of the same physical properties as are 
of importance in the determination of strength. The areas whic 
characterize the work expended in reaching these values of the 
stress are represented by the shaded portions of the figure and 
the hardnesses are designated as H,, Hy and Hyy,. 

Correlation of Hardness Numbers. To correlate hardness 
numbers the stress, strain and volume of the stressed materials 
must be determined for each of the specimens tested by the differ. 
ent devices. As pointed out, of these, the measurement of volume 
will be the more difficult. It can, without doubt, be satisfactoril) 
determined by an etching process on sections taken in different 
directions. 

Let the indentation, rebound, and scratch methods be exam 
ined, and to eliminate one source of difficulty let it be decided 
that the size of specimen be considered such as to make impos 
sible the effect of the anvil or contact of specimens with the anvil 
in such apparatus where their consideration is necessary. In 
seratch devices this is of less importance than in the other two 
In general, the readings for the same material as determined )b) 
two devices, one operating within, the other beyond, the elastic 
limit will differ when reduced to a common scale; the latter being 
the higher. In rebound apparatus, however, an additional fact 
must be considered; because of the short time of application of 
the stress, the stressed material acts as though it has a higher 
elastic limit and modulus of elasticity and therefore, the resultant 
hardness number recorded will be higher than that which would 
be determined by the same stress applied at a lower time rate, 
as is the case in indentation apparatus (Fig. 10). Moreover i! 
a rebound apparatus does not deform the material while an in 
dentation device does, the relation of their hardness numbers 
should be proportional to the ratio of the 


area OBP 
area OYUCD 


Fig. 7. But as the volumes affected are different in the two cases 
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the stress per unit volumes must be determined in order to make 
feasible such a relation. 

The seratech test is accomplished by causing an indentation 
hy means of a tool which thereafter is drawn across the material. 
As this process progresses, the material ahead of the abrading 
tool is ruptured and falls away. Therefore, the reasoning herein 
contained applies in this case. 

There is no concordant correlation between the several types 
of hardness numbers because of (1) the rate at which the work 
‘< done, (2) the amount of material under stress, (3) the mag- 
nitude of the stress and strain is so different in each of the methods 


agnest 
Bismuth 





Fig. 9—Average Surface Hardness for Given Value of Strain. 


utilized. In facet it would be quite extraordinary to expect a simple 
relation. In rebound apparatus where the energy is expended 
in either elastic or permanent deformation in a very short time 
thousandths of seconds), the impulse forces are often excessive, 
being greater at times than the deforming stresses necessary for 
permanent set; but still the materials show no permanent de- 
formation, because of the time required for such phenomena to 
‘stablish themselves. A scratch, as the record left by a deforming 
process which permanently destroyed the surface of the material, 
may have been accomplished in a fraction of a second or several 
seconds; in either case the record is different, other things being 
‘ual. Indentation devices require time, usually a few seconds 


at | 


least, to set the material permanently. So from the viewpoint 
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July 





of time involved in the application of the stress there is a 
siderable degree of variability to be contended with. 

In all instances the volume of material stressed is very diffe) 
ent, and as the stresses are of entirely different magnitudes. tho 
volume-stress intensity varies greatly in different directions j) 
the several cases. Notwithstanding the apparent insurmountable 
difficulties, the stress-strain curve gives the necessary method + 
ascertain the relationship between the various hardnesses. 

The variation of the modulus of elasticity, if any, propo 
tionality, yield and ultimate limits with the duration of Impact 


‘On 


Strain 


Fig. 10—Average Hardness Indentation Versus 
Impact. 











times should be studied for different instruments, in which ease the 
information leading to the possible solution of this difficult prob 
lem may be ascertained. Similarly the results of these values 
depend on the size of the specimen, and an investigation should 
be made from this angle. 

It is not the intent or purpose of this work to establish a 
new hardness number or to attempt to cause a discontinuance of 
present usage. It is necessary, however, to establish a system 
whereby it will be possible to have the various numbers correlated 





July 


IS a on 


ry ditt'e) 
udes, the 
etions in 
10uNtable 
1ethod t 
es. 

) propor. 
f impact 


1 case the 
ult prob 
e values 
n should 


tablish a 
uance of 
AL system 


orrelate 1 





STRESS-STRAIN CURVES 107 


and interpreted in accord with a common terminology. It is 
therefore suggested that a definite system of units such as the 
Absolute (C. G. S.) or English (F. P. 8.) system be adhered to. 

If the ‘‘average hardness’’ be stated as a pressure expressed 
in pounds per square inch or in dynes per square centimeter, 
in any consideration, it must be maintained so throughout. In 
this manner and by division of all such hardness figures by a 
common factor, numbers may be obtained which are of a reason- 
able order of magnitude and that may be dealt with conveniently. 
Once these have been secured the problem resolves itself into a 
simple calibration for the several types of instruments used for 
measuring these numbers. 


CONCLUSION 


An interpretation of the stress-strain curve is given in terms 
of the forces of restitution of the atoms, slip—of an atomic nature, 
and in mass. Restitution depends on interfering material which 
is probably amorphous. 

The various physical properties are discussed in terms of 
these factors as associated with the stress-strain curve. 

An energy interpretation of this curve and the work per- 
formed in causing the several kinds of deformation has been set 
forth. 

The surface hardness and hardness of cold work have been 
defined as average phenomena occurring during stress. The hard- 
ness of any material as defined by the stress-strain curve is an 
average phenomenon including the above hardnesses and requires 
a consideration of all other physical properties herein referred to. 

This determination of hardness, from an energy point of 
view, ineludes its stress-strain history to that point on the stress- 
strain curve at which any device may be viewed as operating. 

The definition of hardness has been given as the energy per 
unit volume per unit strain. This is a definite expression of the 
physical magnitudes involved and gives to hardness the dimen- 
sions of force per unit area [ML T-*]. 

The definition of hardness given makes possible theoretically 
the unification of all hardness measurements; the difficult factors 
formerly met with may be satisfactorily explained by this con- 
cept of hardness. 
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A means for correlating the various hardness numbers has 
been formulated and work along this line is suggested. 

The writer is much indebted and wishes to make gratefy| 
acknowledgment to his kind friend and colleague, Dr. H. i. 
Lester, for having so generously provided him with technical data 
and photographs; to E. A. Harty, of the laboratory, for having 
prepared the drawings; to the editorial staff of the Iron Age iy 
whose publication’® a portion of this work has: appeared and to 
the editorial staff of the A. S. S. T., through whose kind ¢. 
operation this paper has been made possible. 


18Jron Age, November, 1924; March, 1925. 
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THE CONSTITUTION OF STEEL AND CAST IRON— 
PART II 


By F. T. Sisco 


Abstract 


This article discusses the determination of critical 
points in metals and alloys and the method of plotting 
the cooling curves, showing the points where these con- 
stitutional changes take place. From the cooling curves 
of a large number of alloys of the same series the equili- f 
brium or constitutional diagram is constructed. This di- 
agram shows graphically all of the changes taking place 
in the alloys of the whole series. As typrcal of a simple 
series the cadmium-bismuth alloy diagram is constructed. 


NE of the distinguishing characteristics of a pure metal is 

that, almost without exception, it crystallizes when it solidi- 
fies from its melt. In addition it solidifies at a constant and defi- 
nite temperature. If we heat pure tin in a crucible to about 600 
degrees Fahr. (300 degrees Cent.) and let it cool slowly the tem- 
perature drop will be uniform until 449.4 degrees Fahr. (231.9 
degrees Cent.) is reached. At this point the temperature of the 
metal remains constant until the whole mass is solid, even though 
the rate of cooling for the furnace is the same as before. Enough 
heat is liberated in solidification so that it practically balances 
the normal cooling of the furnace and crucible. 

Conversely, if we heat tin in a crucible the temperature rises 
uniformly until 449.4 degrees Fahr. (231.9 degrees Cent.) is 
reached. At this point the temperature will remain constant un- 
til the whole mass is molten, even though heat is being constantly 
and uniformly applied. The heat absorbed by the metal in melt- 
ing balances the heat being applied, so that there is no further 


The author of this article, F. T. Sisco, member A. 8. S. T., is metallurgist, 
with the Air Service, U. 8. Army, MeCook Field, Dayton, Ohio. 
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increase in the temperature of the metal until all has melted. 
energy used in melting is known as the heat of fusion. [1 
amount of heat is measured accurately it will be found that {| 
same amount that was absorbed in melting is evolved in fre 
(solidification ). 

This latent heat held by the atoms of the molten meta! 
released when they arrange themselves in definite geometric, 
patterns or crystals in freezing, and gives measurable eviden« 
of its existence by a jog in the cooling curve. 

We have noted in the previous article that when an elemey 
such as iron undergoes an allotropic change in the solid state. 
an evolution of heat in cooling or absorption of heat in heatine 
occurs. This measurable display of heat is due to some chan 
in the metal ;** in some cases, to a change of position or grou) 
of atoms in the space lattice. 












By correlating the heating and cooling curves which sho 
the freezing (melting) temperature and the heating and cooliny 
curves showing the temperature of the constitutional changes i: 
the solid state, for a pure metal and for alloys of this pure meta 
with one or more other metals, we are able to construct an equil 
brium diagram which is used as a basis for the intelligent stud 
of the structure of metals and alloys. 













DETERMINATIONS OF CONSTITUTIONAL CHANGES IN METALS 


ALLOYS 





Much of our advance in the study of the constitution o 
metals and alloys has been due to the perfection of precisio! 
apparatus for the exact location of the changes taking place when 
they are heated or cooled. Equilibrium diagrams are a plotting 
of these changes for a whole series of alloys. The iron-earbo: 
diagram is constructed from the results of a large number o! 
cooling curves made on the alloys of iron containing from 0.0! 
to 6.00 per cent or more carbon. 

The apparatus necessary for the determination of the freez 
ing (melting) point of a metal or alloy is relatively simple. 11 
is only necessary to have an accurately standardized thermocouple 
and instrument for reading the temperature. The evolution ol 
heat at the freezing point is so marked that it leaves no doubt as 











*We can properly term these internal changes which are evidenced by an evolut 
absorption of heat as constitutional changes. This is better than allotropie changes 
of the fact that the exact meaning of allotropy is doubtful 
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ted. HIS 
Lf this to its position. It thus becomes only necessary to eliminate errors 
that the , technie or equipment. This is relatively simple. 
freezing In the determination of the points where allotropic or other 
anges take place in the solid state, where internal atomic re 
metal js aprangement occurs, more refinement is necessary. Oftimes the 
ometrica evolution of heat in cooling or absorption of heat in heating is 
evidenc very faint, making it necessary to use delicate methods to detect 
the change. 
1 element In general the apparatus for the determination of constitu 
lid stat tional changes in metals or alloys consists of an electrically heated 
1 heating furnace capable of uniform heating and cooling, one or more ac 
e chang sivately standardized platinum, platinum-rhodium thermocouples 
STOUPI: and a sensitive galvanometer for measuring the small electro- 
notive foree set up in the thermocouple. Generally the apparatus 
ich SHO also has a device for recording the changes. 
l cooling ff The apparatus used in the detection of constitutional changes 
anges i) n metals has been discussed so frequently that further descrip- 
ire meta tion is unnecessary here.'’ 
mn equil The temperatures at which internal changes occur in a solid 
nt stud metal or alloy when heated or cooled are known as transforma- 
tion points, or, as they are more commonly called, critical points. 
In iron and steel these critical points are given characteristic let- 
| ters which identify them and fix their position. We will have 
occasion to look further at these characteristic points when we 
UtION 0 


+ 


ake up the iron-earbon diagram. 
It often happens that the temperature at which a change 
takes place in the solid state in cooling does not coincide with the 


precisio! 


| 
we when 


plotting temperature for the same change when the material is heated. 

iggaaaaa This variation which may amount to between 20 to 70 degrees 
ber ol ' ‘ . ; 

meOer | Kahr. (10 to 40 degrees Cent.) is due primarily to lag or hys- 


e () 0] , . ° 
Om UU! teresis. In other words the metal resists change when the chang? 


is due. When the change does occur it takes place with added 


he frees violence. Probably the gap between the critical point on heating 
nple. | ind the same point on cooling could be reduced to zero were the 
ocouple wiseihna +s : 
eeeOu uaterial heated and cooled infinitely slowly. 
ution 0! Practically, however, the gap between the two points always 
doubt 

or a description of critical point apparatus the reader is referred to Rosenhain, ‘Intro 
ewolat , n to Physical Metallurgy,’’ Van Nostrand, 1917, p. 79 et seq. Sauveur, ‘“‘Metallography 
aaa E | Heat Treatment of Iron and Steel,” 1912, pp. 36 to 39; Williams, “Principles of Metal 


* McGraw-Hill, 1920, p. 18 et seq. Hoyt, “Principles of Metallographv.’’ McGra« 
FE 120, p. 152 et seq. Heyn and Grossmann, ‘‘Physical Metallography,” Wiley, 1925, 
; seq 
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exists and is taken into account in the heat treatment of metals 
especially in steel. When all of the critical points are considere(| 
together we speak of the critical 


transformation range. 


‘ange, or, more properly, th 


In the construction of equilibrium diagrams the cooling cury, 
is generally used, chiefly for the reason that it is easier to make 
an accurate cooling than heating curve. It is difficult to reeulat; 
the heating so that it will be absolutely uniform and result in 
smooth curve. Irregularities due to uneven heating might thys 
be mistaken for heat effects. 


CooLInGc CURVES 


There are four common methods of plotting the changes that 
occur when some metals and alloys are cooled from a high tem 
perature. These are shown in Fig. 7.'* The first and simplest is 
the time-temperature curve in which the time (t) is plotted as 
abscisse and temperature (0) 
grade) as the ordinates. 










(in the diagram degrees centi 


If a substance (neutral body) which does not undergo con- 
stitutional changes’® is cooled from 1560 degrees Fahr. (850 de 
grees Cent.) and temperature readings taken at definite intervals, 
say 15 seconds apart; when the time (t) is plotted against (€ 
a curve similar to B will result. Now if the substance undergoes 
an internal change at 1525 degrees Fahr. (830 degrees Cent.) the 

| heat evolved will be sufficient to hold the temperature almost con- 
stant for an appreciable time. When these results are plotted 
there will be a decided jog or flattening out of the curve as shown 
in A of Fig. 7. 

After the transformation is complete cooling will again be 
proportional to the time until another change takes place, in this 
ease, at about 1510 degrees Fahr. (820 degrees Cent.), where an- 
other jog will oceur. 

The time-temperature curve is satisfactory for the determina- 
tion of freezing points, but in the case of small internal changes 
taking place in the solid metal it is not sufficiently sensitive. The 
data, however, procured by this method can be so interpreted that 


the change will be greatly exaggerated and thus made elearly 
evident. 






















From Desch, ‘‘Metallography,’”’ Longmans, Green & Co.. 1913, p. 127. 


For example; platinum, porcelain, steel containing 25 per cent nickel, etc. 
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The inverse rate curve (C, Fig. 7) is of this type. In this 
ve the ordinates are the temperatures (©). Instead of using 
‘he time as abscisse, the length of time (At) required by the 


specimen to eool through a successive and constant interval of 


1; 
850 
840 
G39] 8 A c D E 
820 
BIO —-- +—_-- _ 
t at 6-8; 40-6 
406 4é 
Temperature-time Inverse Difference Derived 
Curve Rate Curve Differential 
Curve Curve 
Fig. 7——-Different Types of Cooling Curves (Desch). 


temperature (AQ) is used. In this type of curve, as long as the 
‘hange in temperature is constant there is no abrupt change in 
the value At 

\O 


When the metal or alloy is undergoing an in- 


ternal change heat is evolved and the temperature drop becomes 
very small; in fact it practically ceases. If the temperature © is 
plotted as ordinates and the relation At is plotted as abscisse an 
AS 

evolution of heat is shown by a sharp break in the curve and a 
relatively long horizontal jog (C, Fig. 7). 

The inverse rate curve is used extensively, especially where 
facilities are available for determining the time interval ac- 
curately.?° 

The time-temperature and inverse rate curves have the dis- 
advantage that slight irregularities in the cooling of the furnace 
and other internal influences may introduce an error into the re- 
sults. To overcome this the differential and derived-differential 
method of plotting may be used. These two methods produce a 
curve that is independent of any variations in the rate of heating 
or cooling. 


} 
Dae 


In the differential method a substance known as a neutral 
iv, which is free from constitutional changes, is placed in the 


of 


/p watch or chronograph is usually used. 
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furnace in close contact with the specimen. Two thermocotple 
are used. The specimen and neutral body are heated and cooled 
under identical conditions. As long as no internal changes take 
place in the specimen the millivoltage developed by both couples 
will be equal and the galvanometer will show a zero deflectio) 


When the specimen undergoes even a slight constitutional chang 























a relatively large deflection will occur. The curve is obtained }y 
plotting the temperature © against the difference in temperatiy 
(millivoltage) O—O’ and is shown in eurve D of Fig. 7. Th 
differential method is the most common means for the accurat, 
determination of critical points. 

The derived-differential curve is the result of plotting ¢| 
change in the difference in temperature A(Q—0O’) for a con 
stant interval of temperature AO against the temperature 6 
This method serves to exaggerate the intensity of the heat effec 
at the transformation point and results in a curve similar to F 
of Fig. 7. 

Apparatus for the accurate determination of the critical points 
in steel and other metals is now an essential part of practicall 
every large scientific and steel works laboratory. In addition 
the importance of an accurate determination of the position o! 
these points in a scientific study of a series of alloys, each nev 
alloy steel before it can be placed on the market must be 11 
vestigated in order that the proper annealing and hardening te 
peratures will be known. 


THe EquiuipriumM DIAGRAM 





The equilibrium diagram is a graphic representation of th 
constitutional changes taking place in a series of metallic alloys 
The complete diagram includes a thermal study of a large num 
ber of alloys. This thermal study consists of taking cooling curves 
from a point considerably above the beginning of solidification 
down to atmospheric temperature. 

Fig. 8 shows one of the simplest forms of equilibrium dia 
gram, the solidification of the alloys of cadmium and bismuth. 
The first step in the study of these alloys is the determination of 
the freezing point of pure cadmium (K, Fig. 8). The curve of 
the pure metal shows uniform cooling until 609.6 degrees alr 
(320 degrees Cent.) is reached. 














Here an evolution of heat occurs 





“Diagram taken from Landolt, Bérnstein, Roth, ‘“‘Physikalisch-Chemische Tabellon 
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CONSTITUTION OF STEEL L115 
hich point the temperature is arrested and remains constant 
all of the metal is solid. Cooling is then uniform until 
ospheric temperature is reached. 
Now eonsider an alloy containing 25 per cent bismuth and 
75 per cent cadmium (M, Fig. 8). 2 


At 572 degrees Fahr. (300 
oyees Cent.) the alloy is wholly molten. 


de Cooling takes place 
at a uniform rate until a temperature of 500 degrees Fahr. (260 
degrees Cent.) M*, is reached, at which point an arrest occurs 


vith evolution of heat. After this arrest the cooling takes place 








Deg? Deg Cc 
K t. mM N 0 P QaeR 
662 350 + + t + —t 
| 
Ca 
608 325 32°C t t tT T T 
} | 
300 ~ nl 
527 275 “sy 
482 250 }— — 
MS 
st 0 — 
392 200 — 
445 175 . - 
vl 
302 150 <a ae 
oP TPT aT 
} | 
c 125 + + 
2i2 100 
Percent Cadmium 100 0 60 70 oo ” ot) » 2 10 0 
Percent Bismuth 0 ‘0 a) x» 40 x» @ 7 50 9 106 


Fig. 8—-Constitutional Diagram of the Cadmium-Bismuth Alloys 


uiformly until the temperature reaches 295 degrees Fahr. (146 
After 
this, cooling will be uniform down to atmospheric temperature. 

The alloy containing 61 per cent bismuth (O, Fig. 8) cools 
niformly until 295 degrees Fahr. (146 degrees Cent.) is reached; 
this alloy shows only one arrest. 


degrees Cent.) M*, where another evolution of heat occurs. 


in the diagram shown in Fig. 8 the arrest points for only 
‘ive alloys are plotted. Actually in constructing an equilibrium 
diagram a large number of alloys with varying percentages of the 
(wo metals are studied. 


. in constructing the diagram the line ABC is drawn through 
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the upper points and the line DBE is drawn through th 
points. 

After the diagram is constructed the arrest points for a ea 
mium-bismuth alloy of any composition may be determined. fy 
example, we have an alloy containing 35 per cent bismuth, a 
ordinate run up from 35 per cent (Z) will intersect the |i), 
AB at X. The horizontal line XY from this point will tell us tha 
the first evolution of heat for the alloy containing 35 per cen 
bismuth occurs at 446 degrees Fahr. (230 degrees Cent.). 

[f the process of cooling has been closely watched it will be 
found that an alloy containing 35 per cent bismuth is wholly 
molten at temperatures above 446 degrees Fahr. (230 devree 
Cent.), point X on the line AB. At point X the jog in the cury, 
denotes the beginning of solidification which continues until 24 






















degrees Fahr. (146 degrees Cent.), X’, is reached. Here the brea! 
in the curve denotes that solidification is complete. 

At all temperatures above the line ABC the alloys of cadmiun 
bismuth are wholly molten, hence the line ABC is known as tly 
Liquidus. At all temperatures below the line DBE the alloys a 
wholly solid; the line DBE is, therefore, known as the NSolidy 

In the area included between the lines AB and BD and be 


tween BC and BE the alloy is partly molten and partly solid 
In this range of temperature solid particles are suspended in thi 
molten alloy. This is familiarly known as the mushy stage. 

The diagram shown in Fig. 8 represents simple equilibriun 
conditions in the alloys of cadmium-bismuth during solidificatio: 
When alloys undergo allotropie changes after solidification is com 
plete, as is the case in the iron-carbon or steel series, the diagray 
becomes much more complicated. However, the construction 0! 
the diagram involves the same procedure; namely, the accurat 
determination of the various points where heat is evolved in coo! 
ing from the molten to atmospheric temperature, followed by the 
plotting of these temperatures for a large number of alloys of the 
same series. 


INTERPRETATION OF THE EQUILIBRIUM DIAGRAM 





Referring to Fig. 8 we note that pure cadmium (K, Fig. 3 
freezes (solidifies) at 609.6 degrees Fahr. (320 degrees Cent. 






There is only one arrest on the cooling curve of the metal. As 
we have noted this is a characteristic of pure metals; that thie) 
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4 definite and constant freezing (melting) point. In the case 
of the alloy containing 25 per cent bismuth (M, ig. 8) two ar- 
rests occur on the cooling curve ; the first at 500 degrees Fahr. 
60 degrees Cent.) and the second at 295 degrees Fahr. (146 de 
vrees Cent.). Referring again to Fig. 8, we see that the alloy 
containing 45 per cent bismuth (N) has an arrest at 392 degrees 
Mahr. (200 degrees Cent.) and one at 295 degrees Fahr. (146 de 
oyees Cent.), and the alloy containing 61 per cent bismuth (0) 
has only one arrest on this curve, at 295 degrees Fahr. (146 de 
vrees Cent.). 

Mig. 8 shows us that with the exception of the one contain 
ing 61 per cent bismuth, none of the alloys of cadmium-bismuth 
have a constant and definite freezing point, like a pure metal. 
On the contrary they have a solidification range with a definite 
temperature where solidification begins and a definite temperature 
when it is complete. 

We shall see later that alloys similar to the 61 per cent 
bismuth-eadmium alloy do have a definite freezing point. We 
shall also see that in many alloy series there is usually one alloy 
which is of definite composition and which has a definite freezing 
point, generally lower than the rest of the series.** 

This alloy of definite composition which freezes at a definite 
temperature is known as the eutectic alloy. An understanding 
of the characteristics of eutectic alloys is of vital importance to 
a clear comprehension of the constitutional changes in iron and 
steel. The eutectic or alloy of lowest melting point enters im 
portantly into the constitution of cast iron. In steel there are 
changes taking place in the solid state which give rise to a con 
stituent that closely resembles a eutectic alloy in its properties 
and appareance, 

Referring again to Fig. 8 we see that with increasing per- 
centages of bismuth (from 0 to 61 per cent) the temperature of 
the first (upper) arrest in the cooling curve gradually becomes 
lower, along the line AB. It is also evident that the temperature 
of the second arrest at 295 degrees Fahr. (146 degrees Cent.) re- 
mains constant for all of the alloys of these two metals. 

Having obtained this experimentally from the cooling curve 
determinations let us attempt to interpret the data. ‘The first 


his is not true in the case of solid solutions, i. e., a solution of one metal in another 
lid state This will be discussed in the next installment. 
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conclusion forced upon us is that introducing molten bism 
molten cadmium lowers the temperature at which solidificat) 
begins. Another factor enters with the introduction of the se 
ond metal, the appearance of the second arrest at the temper, 
ture 295 degrees Fahr. (146 degrees Cent.). <As the percentag, 
of bismuth increases (from 0 to 61 per cent) the upper arrey 
is lowered progressively until it coincides with the lower arres 
at the point B. With further increasing percentages of bismut! 
the upper point again appears and rises progressively along th) 
line BC until when the bismuth content reaches 100 per cent the 
upper arrest is at 500 degrees Fahr. (271 degrees Cent.) ani 
lower arrest has disappeared. 

If the cooling curves obtained on a series of these alloys an 
studied it will be noted that the intensity of the upper arrest 
which is great for pure cadmium decreases until it can scarce! 
be detected when the bismuth is close to 61 per cent. Likewise thy 
intensity of the lower point increases from zero for pure cadiniun 
to the maximum at 61 per cent bismuth. The same holds tru 
for alloys containing more than 61 per cent bismuth, the intensit) 
of the upper point increases along the lne BC as the bismut! 
percentage increases while the intensity of the lower point d 
creases along the line BE as the percentage of cadmium 
creases.*° 

In our study of the theory underlying the constitution of iro 
and steel we will encounter similar arrest points denoting tli 
beginning and end of solidification. In addition we will encow 
ter arrest points which become evident when cooling curves ar 
taken of iron and steel after it has completely solidified. We wi 
find that these latter arrest points change in position with a chang 
in carbon percentage. 

[If we study a simple alloy such as cadmium-bismuth in 
tail; when we come to a discussion of the iron-carbon diagram tli 
theoretical considerations underlying the constitutional changes 
in iron and steel when it is heated and cooled will become clea 
and relatively simple. 











*3We will see later that this increase in the intensity of the 


constitutional 
especially evident in the changes taking place in solid alloys 


Epitor’s Notre: The next installment will discuss different 


classes of meta 
including the constitution of eutectics and solid solutions 
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MULTIPLE BREAKING 
By W. R. Warp 
Abstract 


This paper describes a rapid and efficient method 

breaking bars into multiple lengths for use in 
orging. 

A method is described whereby the bars are notched 
alternately 180 degrees apart into required billet lengths, 
hy means of an oxyacetylene torch. By applying simul- 
taneously a number of alternate plus and nuinus bending 
moments the pressure of the fulcrum causes the bar to 
hreak as shown wn Fig. 1. 

The method of notching on one side of the bar only 
is likewise described and the impracticability of thas 
method is shown. 


breaking steel by notching with a torch and applying a 
force to break the piece, it is essential to apply the force 
so that it will cause a bending moment that tends to open up 
the notch or ‘‘nick.’’ As the steel is weakened at this point 
hy the reduced section and also made somewhat brittle by the 
steel being hardened from the chilling effect of the cold metal 
around the highly heated nick, it breaks easily when strains are 
‘concentrated at this point. Steel low in carbon, however, does 
not break as well as higher carbon steels. 

During the world war the method was used extensively in 
making billets for various shell and other forgings: presses were 
ised instead of rams or hammers to exert the necessary force 
to break the steel that had been nicked with a torch. Various 
types of saws and cut-off lathes were used to form the billets 
previous to using a press to break them. 

In conjunction with some of the war work, the writer was 
isked to arrange a press to break billets, one at a time, for each 
stroke of the press as has been done in other shops. However, 
as the number of presses available for this purpose was limited, 
and as the maximum production had to be obtained from each 
press, the writer conceived the idea of breaking several billets 
per stroke of the press. To do this, however, required a different 


1 


author, W. R. Ward, Lyells, Virginia, is a member of the Lehigh 
Chapter of the Society. 
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method of nicking the bars than had hitherto been used: they it 
were alternately nicked first on one side and then the other throug] aa 
out the length of the billet: that is the double length on one side a 
(Fig. 1). This shows how the forces are applied. The bending a 
moments are plus and minus alternately. It will also be seen fron o 
1One 

Breaking Force 
Nicked bar P *F F na thre 
: Sie ie ieee who 
From rolls in Stock yard tp Te le Sie for | 















[marti 
——— af the bar o* y Stop 
. Se te i 
Fig. 1 Nicked Billets or Bars Showing Position of Fulerums 





Before and After Breaking. 










Fig. 2, that a bar nicked on one side would be difficult to break 
in a number of pieces at one time, as the bending moments are 
all in one direction. If forees could be applied evenly and all 
the billets broken at once on the one side nicked bar, it would 
tend to curl down as shown. An impractical operation. 


}r 





















tog 
bil 
the 
ath 
bri 
Fig. 2—Showing a Bar with the Nicks on One Side 
: ind the Manner in which it Breaks. Fig. 3—Shows a by 
Marking Gage Used in Marking Position of the Notches. 

A gage as shown in Fig. 3 was made to lay off the bars that eu 
were spread out in one layer on I-beam racks (Fig. 4) using 
soap-stone to mark the bars. The bars were first nicked on on al 
side double billet length and then rolled 180-degrees and nicked . pl 
on the other side, with a torch. pi 

A 500-ton press was first fitted with two large I-beams h 
sufficient length to hold several breaking fulerums. The beams v 


were found to be too flexible in the webs to stand the strains, 
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steel and strongly braced. 


long in 
three men (not counting the crane man = took the billets away) 
who started at 
tor lunch), they broke 3400 billets, the same size as aoa 
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however they broke enough billets to demonstrate that the idea 
vas sound. A 200-ton press was then fitted with a multiple 


breaking device designed by the writer that was made of cast 


(Fig. 5). 


This worked satisfactorily 


and produced 149 billets 33¢ inches in diameter by 4% inches 


20 minutes when first tried; later the press was run by 


7:30 a.1 


. and stopped at 2:55 p. m. (25 minutes out 


The pho- 





Showing the Method of Nicking Bars with the Acetylene 


Torch. 


tograph shows five of them broken at one stroke. Sometimes six 
billets would be broken when the bars were long (the inertia of 
the bar breaking the sixth), then again less than five would be 
broken, but five was the average number. 

It would be possible to break more than one bar at a time 

having wider breaking fulecrums. 

The press shown handled the work that was done on many 
cut-off saws. 

K‘orged fulerums would wear out under such severe service, 
and it was a question of renewing them after short use. The 
problem of producing the simplest and cheapest fulerum was 
paramount. Finally a short length of medium high carbon round 


hot-rolled steel eut to length with a torch was adopted. They 
Were reversible or in fact had a number of positions they could 
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Fig. 5—Showing a 200-ton Hydraulic Press Equipped for Breaking Bars Into Bill 


turn to the bars as indications of wear appeared. The sketch 0! 
Fig. 6 shows how the fulerums were supported. 
It will be noted from Fig. 5, that a bumper is located 


the end of the breaking device. This was found necessary as tlie 
nicked bars were fed by electrically operated rolls placed outside 
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of the building in the stock yard, to the breaking press, and the 


§ motion of the bars had to be arrested suddenly when the adjust- 


Mild Steet 
50-60% Corben See! Pin, 


Fulcrum Asasaembly 


Fh ee OR 


Fulcrum Pin 
TS 
ee 


Fulcrum Saddle 


Fig. 6—Sketches Showing the Details of the 
sign of the Breaking Press Head. 


GS 


= ing stop screw on the bumper came in contact with them. This 


screw gaged the nicks so they were opposite the fulerums. 
[he operators had to see that the bars were placed with nicks 
in the proper position. 
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Abstracts of Technical Articles 


Brief Reviews of Publications of Interest | 
to Metallurgists and Steel Treaters | 









































ON THE HEAT TREATING AT THE DRAWING OF THE STEFF 
WIRE. By 8S. Steinberg, Journal of the Russian Metallurgical Society, 1995 
I, 131. 

Considering the mechanical characteristics of the steel wire, obtained }y 
tempering and subsequent drawing, the author concludes that the metal of 
the wire shows a remarkable combination of the qualities of strength a 
tenacity; a similar combination can be stated only in special steels after their 
heat treating. The mentioned amelioration of the qualities of carbon stee! 
explained by two reasons—the sorbitic structure of the metal and its cold 
working. The author forwards the question were it not possible to use mo: 





widely the advantages of the mentioned treating and apply it to larger articles 
—rails, beams, ete. 
Abstracted by M. Oknoff and G. N. Koulginski, Leningrad, Russia. 


CHEMICAL ANALYSES OF LARGE INGOTS. By J. H. Hruska. 
Iron Age, April 15, 1926, page 1049. 

The author is of the opinion that facts as to inclosures and gases ar 
more vital than strict chemical specifications and that melting practice an¢ 
analysis are both important factors. He describes the methods of manufactur 
by the various processes, and is of the opinion that the greatest number o! 
large ingots, particularly plain carbon steel ingots, are made mostly from 
basic, or sometimes, acid, heats. 

ON THE RELATION BETWEEN THE LATTICE-CONSTANT ANI 
THE DENSITY OF ITRON-NICKEL ALLOYS. By Atomi Osawa. Preprint 
British Iron and Steel Institute, May, 1926. 

By experiments, the author determined for a whole series of iron-nicke! 
alloys the lattice constants and the densities for both annealed samples and 
those dipped in liquid air. The writer by means of photomicrographs, tables 
and diagrams adds to the value.of his paper and a short summary sets fort! 
his findings. 

THE ESTIMATION OF PHOSPHORUS IN STEELS CONTAINING 
TUNGSTEN. By T. E. Rooney and L. M. Clark. British Iron and Ste 
Institute, May 1926. 

The authors carried out a large number of experiments on steels of 
various tungsten content and give their findings in this paper. They i0 
corporate a description of their experimental work and by various tables sho’ 
the results obtained with a series of samples prepared in various ways. 

THE INFLUENCE OF SEGREGATION ON THE CORROSION 0! 
BOILER TUBES AND SUPERHEATERS. By G. R. Woodvine and A. !- 
Roberts. British Iron and Steel Institute, May 1926. 
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[he authors are of the opinion that rapid steaming, due to the use o! 
essure water-tube boilers and superheaters, which unquestionably has 
ed to a saving in fuel, has also brought forth questions relating to boiler 
making materials. They set forth that not much improvement has been made 
‘n the mild steel vessels in which the treated feed-water is converted into steam 
‘though valuable observations have been made in the treatment of feed 
water. They further set forth that it is their belief that the steel tubes 
should be made from ingot material of the non-piping variety, as results 
bserved by using tubes made of sound steel have been most satisfactory. 

The authors have established by observation and tests described in this 
paper, their belief in the connection between segregated ingot material and 
lefects in such tubes. It may be, they say, that other tube failures, such 
13 domestic hot-water systems and upwards, are to some extent attributable 
to these causes. 

TESTINGS OF MATERIAL IN THE PRACTICE. By Dr.-Ing. M. 
Moser, Essen. Zeitschrift des Vereines Deutscher Ingeniewre, March 13, 1926, 
nages 341 to 347. 

The author shows the development in the testing of materials, the change 
from direet to indirect methods, which still have many imperfections, 

Further he shows the influence of testing-conditions and irregularities o1 
materials. 

Then the author gives some details such as: the determination of the yield 
point, the interpretation of the appearance of fracture of tensile—and bending 
tests, the testing of hardness by the Brinell-method, the dynamical hardness 
testers and by the scleroscope, the bending test, the shock test, the endurance- 
shock test, ete.; further the selection of testpieces of a turbo-dynamo magnet 
wheel, the examination of a railway-coupling, ete. 

Finally the author discusses the need for absolute reliability of testing 
methods, Abstracted by Dr. Hans Pollack. 

SMELTING SECONDARY ALUMINUM AND ALUMINUM ALLOYS. 
By Dr. R. J. Anderson. In Metal Industry, May 1926, page 187. 

This is Part LV of a series of articles on the 1eclamation of all forms of 
scrap and used aluminum and aluminum alloys and dea!s primarily with the 
fluxes for use in secondary smelting. 

The author sets forth that fluxes are used to separate the dross from the 
metal and to prevent oxidation. He claims that the different fluxes var) 
depending upon their chemical composition and he divides fluxes for secondary 
iluminum smelting into four main classes. These he discusses at some length. 
He also sets forth the requirements of a smelting flux. 

He gives a list and detailed description of fluxes used in aluminum and 
illoy smelting practice such as: aluminum chloride, binary salt mixtures, 
vorax, calcium chloride, complex salt mixtures, eryolite, fluorspar, sodium chlor- 
ide, welding fluxes, and others. 

THE COLD DRAWING OF BAR STEEL. By F. W. Krebs. In 
Mechanical Engineering, May 1926, page 448. 

in this artiele, the author sets forth the object of cold finishing and 


tes the four purposes for which cold drawing or cold rolling may be 
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employed. The pickling process is described, the cleansing of the ba 
the pointing. He then describes the dies used and also the drawing 

steel, after which he takes up the manner of finishing the bars. The 

affecting the machining qualities are considered and the writer is 

opinion that grain structure and hardness largely Cetermine the machi: 
of steel. The physical properties of several steels and comparative 

between various methods of processing are tabulated. 

STANDARD PRACTICE FOR MOLDING. By Paul R. Ramp. 
Age, March 18, 1926, page 753. 

When the best process of molding certain pieces or kinds of wo 
been decided upon, the adoption of a standard practice is of econom 
portance, is the opinion of the author of this article. 

Definite instructions to the foreman and to the workmen produc: 


results and less waste. In shops producing large castings of different 
signs the establishment of molding practices is of necessity slow. But th 
conscious application of the standard practice methods to other kinds of wo 


will be valuable. 


The writer continues with a detailed description of the standard pract 


for molding the stern tube in a ship. Twelve illustrations are given 
connection. 


The adoption of the described standard practice has resulted in a 


of higher grade, the cost of molding is reduced 50 per cent and apprentice: 


ean do the work required to be done. 


ON GHOST LINES AND THE BANDED STRUCTURE OF ROLLED 
AND FORCED MILD STEELS. By J. H. Whiteley. British Iron and Ste 


Institute, May 1926. 


The authors are of the opinion that only when variations in the percent 


of phosphorus between two adjacent areas in iron exceed 0.07 per « 


they cause the removal of carbon, between Ar3 and Arl, from the richer 
They also give evidence that in certain cases carbon may move fron 
region to another of higher phosphorus concentration. They also giv: 
sideration to the theory that ghost lines are due to crystallization of ferri! 
on non-metallic inclusions and point out that they cannot adequately b 


counted for in that way. 


THE EFFECT OF MASS IN THE HEAT TREATMENT OF NICKE! 
STEEL. By Walter Rosenhain, R. G. Batson and N. P. Tucker. BP 


Iron and Steel Institute, May 1926. 
The authors set forth that it is a well-known fact that in the heat 


ment of steel the size of the piece has an effect on the properties obt: 
Mass has an influence on heat treatment as evidenced by the failure in serv! 
of several pinions of relatively large size from the double reduction gears 
marine steam-turbines. They set forth the results of their investigatio! 


ascertain the cause. Both the mechanical tests and the microscopical exam! 


tions are given in some detail and the effect of heat treatment on the st! 
and properties of the steel is set forth. 

MARKED PROGRESS IN MACHINE FORGING. By C, D. Harm 
Forging-Stamping-Heat Treating, April 1926, page 122. 
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- 6 
e author makes a comparison of machine forgings and drop forging 
f the opinion that the quality of machine forgings has been improved 


than is generally appreciated. He sets forth in his paper some of the 


features which have advanced the art of machine fcrging to its present posi- 


He further states that whereas the torging machine was in the past 
tool, it has been developed and perfected until it now produces machine 
vings of such quality that it has become a close rival of the drop hammer 
has been for many years an efficient tool. 
(he writer explains the competition of the forging machine and the drop 
numer and the operations of each, and is of the opinion that when work 
an be made by either method, the forging machine cost is lower and states 
is reasons for believing this to be the fact. 
By means of photographs and diagrams he adds to the concreteness and 
nterest of his subject. 

ON THE MACROSCOPIC DETERMINATION OF CARBON CONTENT 
SAMPLES IN OPEN-HEARTH STEEL MANUFACTURING PROCESS, 
\Matsujiro Hamasumi. Ainzoku no Kenku 3, 1926, No. 1, pages 54-64. 

It is an important part of the daily work of steel melters in the open 
earth steel making process to estimate the carbon content of the steel bath 
oscopically by the fracture of quenched steel samples; the ability of this 
timation is the result of many years’ experience of steel melters. 
In this article, the writer explains metallographically the characteristic 
ture of the fracture of quenched steel samples by the measurement of hard- 
ness and angles of bending by blow, combined with the change of microstruc 
res in these samples. He attributes this difference of fractures for differ 
t carbon content to the inner structure caused by the relation of the low 
ring of the A, point due to carbon content to constant quenching temperature. 
e writer also explains how the presence of manganese influences the fracture 
basic steel samples on the basis of the equilibrium diagram of the ternary 
stem iron-carbon-manganese. Abstracted by Dr. Kotaro Honda. 
MAKING HIGH GRADE STEEL—XI. By John A. Coyle. 
ade Review, May 6, 1926, page 1177. 


In this paper the author sets forth the wide range of analyses, the many 


In Jro» 


grees of hardness, and the rolling of unusual shapes required for tools. In 

ble he enumerates the special steels for tools by various processes and 
states that originally all of the special steels listed in the table were produces 
u the crucible and he is of the opinion that for steels which must maintain 
good cutting edge and give the maximum of wear, crucible steel is preferred. 

By means of illustrations, he shows some of the special shapes turned ovt 
the mills such as dies, tools, drills, bars, axes, skates, etc., and points out 


+ 


coordination of the user and maker will result in improved products 


less cost. 

THE THEORY OF CAST IRON. By Prof. Dr. H. Hanemann. V. D. I. 
Nachrichten, March 24, 1926. 

The mechanical properties of cast iron are dependent on the nature of 
the metallie matrix and on that of the segregation of graphite. The matrix 


usists either of ferrite, of ferrite and pearlite or cnly of pearlite; the 
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graphite may be coarse-flaked, fine-flaked or eutectic. The tensile 








































s +} 
of cast iron with coarse-flaked graphite amounts to 14,000 to 20,01 nds a 
per square inch, with fine-flaked graphite 28,000 to 34,000 pounds ,. oe ”~ ‘4 
inch and with eutectic graphite 43,000 to 50,000 pounds per square i: 

The crystallization of graphite takes place about 2009 degrees | dur The 
ing the solidification. The matrix, being formed at the same time with i ” ‘ af 
consists at first of a solid solution of iron and carbon. In the range froy ae-4 
1830 to 1300 degrees Fahr. the permanent state is formed by transforn — 
in the solid state. san 

On further cooling the above-mentioned solid solution changes its eonatonthi 
centage of carbon according to the diagram of the system iron-carbon 4) meal ; 
the percentage of carbon decreases. If the cooling would take place in a ye 7” 
slow manner the total amount of carbon would be separated as graphit oce! 
But usually the crystallization leaves the iron-carbon system in some point AND ov 
and follows the system iron—iron-carbide. Changing the cooling conditi 1920, pag 
it is possible to obtain either a ferritic-pearlite or only a pearlitic matrix The 
The amount of silicon is of great influence. ” qvenve 

Melting cast iron, only a part of the graphite is dissolved; the rest — 
preserved as graphite in the fusion for a time. Consequently there is in t peer 
fusion a great number of graphite nuclei and when cooling begins, andi sie 
graphite crystallizes on these nuclei. It results in a so-called pseudo-eut a 
mixture, that is the flaked graphite. DE" 

But if the graphite nuclei are destroyed the erystallization takes plac ® |shigaki. 
such a manner, that at first mixed crystals crystallize out and referring to tha: ‘The 
the real eutectic mixture, the fine-grained, eutectic graphite. lifferent 

This interpretation is confirmed by experiments. Heating the molt than eal 
cast iron to 2730 degrees Fahr. destroys the graphite germs and mixed crystals result w: 
and eutectic graphite erystallize out. The crystallization of the latte mn 
independent of the rate of cooling. WAC HI] 

The experiments were verified in the practice and it was confirmed i 
it is possible to manufacture castings of any size, applying this theory — a : 

The moulding and the technological treatment offer no special difficulties si a 

Abstracted by Dr. Hans Pollac! ae 
purpose 

PLATING STEEL AUTO PARTS WITH CHROMIUM. In Iron Trad 
Review, May 6, 1926, page 1182. 

Chromium plated steel is now supplanting nickel plated steel for vari 
purposes in the industrial world. While the process of chromium plating las 
been known for some time, it was too expensive to be used extensively com 
mercially. This drawback to its universal use, especially in the automotiv 
industry, has now been eliminated. Chromium plated radiators are now bell: 
used by many automobile concerns. Lamp shells, bumpers, crank hole ¢aps ‘ Ry 
motormeters and hub caps are now also being chromium plated. m turning 

This new process necessitates factory changes and is a purely platilg E spindle 
method. There is no change in the original surface. Iron and steel are first Es eek 
given a coating of copper and nickel and then a deposit of chromium. 1! For th 
result is a lustrous silvery-white. This coating is more rust-resisting thav “1 by dip 


heavy nickel. 
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the chromium plating process there is a saving in labor cost which off 
added cost of material, if any. 
solution used consists of chromic acid, chromium sulphate and _ borit 
The article sets forth the equipment necessary and also describes the 
hod of cleaning the parts. 
[he supply of chromium is said to be practically inexhaustible, in fact, 
‘s so great that it is used in road maintenance work. 
Its extreme hardness enhances its wearing properties and experiments are 
constantly being made with a view to using it possibly for crankshafts, valves, 
tappets and other automobile parts. 


OCCLUSION OF GASES BY METALS AND ALLOYS IN LIQUID 
\ND SOLID PHASES. By Keizd Iwasé. In Kinzoku no Kenku No. 3 


) 
1926. page 119. 


The writer measured the quantity of different gases which can be absorbed 


or evolved by metals at high temperatures without causing any chemical re- 
actions. The method of measurement was that of A. Sieverts improved by the 
present writer. As the quantity of gases absorbed, the saturation values of 
the quantity of these gases, which a metal can absorb, were taken. 
sults are principally given in curves, 


The re 
Abstracted by Dr. Kotaro Honda, 
DETERMINATION OF THE DENSITY OF CEMENTITE. By Toyozé 
lshigaki. Kinzoku no Kenku, No. 3, 1926, page 169. 

The writer determined the density of cementite by measuring steels of 
different carbon contents, by applying suitable factors for other impurities 
than carbon and by extrapolating to the concentration of cementite. The 


result was 7.657 at 4 degrees Cent. Abstracted by Dr. Kotaro Honda, 


INVESTIGATION OF THE SPINDLES FOR THE TEXTILE 
MACHINES, By G, L. Sakharoff. Messenger of the metal Industry (Mos- 
cow), 1925, I-II, 126-133. 

After having investigated the present spindles chemically and metallo- 
graphically the author comes to the conclusion that the most suitable for this 
purpose appears to be the basic Martin steel of the following composition: 


per cent 
Carbon 1.0 —1.1 
Silicon 0.20-0.25 
vely con Manganese 0.55—0.65 
stainat ve F Phosphorus less than 0.03 


ow beil . Sulphur.............. less than 0,03 


] 2anNc 
wie } 


Rolled and cut billets of the steel must be subjected to annealing before 


turning in order to get a more homogeneous structure. The hardening of the 


} 
5} 


pindle after the mechanical working must be done so that its body had a 
troostite-sorbite structure, and the sharp end, an austenite-martensite one. 
or this purpose, the spindle, heated up to 800-850 degrees Cent., is hardened 
by dipping into oil and after this the sharp end is again heated up to 750 de- 


reés Cent. and hardened in cold water. For removing the detrimental stresses 
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1926, p. 493-503. 


It is known, that an addition 


steel increases the tensile strength 


elongation. 


Recently the Berliner A.-G. fiir Eisengiesserei und Maschinenfal; 
friiher J. C. Freund & Co., Berlin, proposed the use of high silicon ste 
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the sharp end must be subjected to tempering at 200 degrees Cent. 
Abstracted by M. Oknoff and G. N. Koulginski, Leningra, 
PROPERTIES OF HIGH SILICON STEEL. Stahl und Eisen. 


of about 1 per cent silicon to mi 


and the yield point, without imp 


structural steel, and through this the question of the utilization of 
mentioned influence of silicon was put anew. 


By numerous tensile tests on rolled bars of low carbon content a: 
1 per cent silicon melted in the Bosshardt furnace, the influence of such ; 
content, already determined by 


The tensile properties, peculiarly the yield point, depends on th. 


previous examinations, was confirmed, 
tensile strength and the yield point increased without noticeable decreasing 9 
elongation and contraction. 


dimensions respectively on the rolling conditions. 


Heats of the same chemical composition, manufactured in the ordinary 
open-hearth furnace, in the Thomas converter or in the electric melting furng : 
proved it possible to produce in these furnaces a steel of the same tens 
properties as in the Bosshardt furnace, although the high qualities 
new silicon steel were attributed by the Freund A.-G. to the melting in 1 

Abstracted by Dr. Hans Pollack, Germany 
SHRINKAGELESS CASTING OF CRUCIBLE 
By N. Grammatchikoff, 


Bosshardt furnaee. 


METHOD OF 
AND OF MARTIN STEEL. 


Industry (Moscow), 1925, L11-1V, 14-21. 


A method of making steel castings is described which is giving good results 
at one of the Russian 


produced ingots without blisters. 


reduction is attained by aluminum, thrown in in small pieces, forming 0.04 
0.009 per cent of the weight of the steel. 


casting the percentage of waste for the different kinds of steel does not exceed 


10-12 per cent. 


Abstracted by M. Oknoff and G. N. Koulginski, Leningrad, Russia 
REFRACTORY MATERIALS 
DUSTRY. By Dr.-Ing. E. H. 


Deutscher Ingenieure, March 20, 1926, p. 408-410. 
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The method consists at first in using a mold 
widening to the top with a spherical bottom and a pyramidal lined cover ab 

The solidification of the metal in such a mold takes place by layers from below 
while the upper part of the liquid metal feeds continually the funnels being 
formed during the process of solidification. 
liquid metal from the cover. 


The last funnel above is filled wi 
The mold widening at the top contributes als 
to the easy evolution of gases from the liquid steel, and there are therefor 
Special attention is devoted to the reduction 
of the metal. It is being done in a bath with usual reducers (FeMn, Fei 
ete.). When in ladle it is achieved with a small quantity of charcoal, thrown 
into the ladle before the admission of metal, and finally when in a mol tle 


In the above described method vo! 
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this paper the author shows a way for investigation, testing and 
tondardizing of refractory materials, on which great demands of physical 
emieal nature are made by the consumers. 

He deseribes briefly the principal sorts of refractory materials and their 
perties, important for the behavior in working, as chemical composition, 
ofractoriness, changes of volume and of shape, resistance to chemical corrod 
‘no agents as slags, flue dust, ashes and porosity. 

: Of the testing methods, being at our disposal, the determination of the 
hemieal composition and of the specific gravity are comparatively simple. 
The determination of the melting point by Seger cones is replaced by the 
softening test under pressure at high temperature. Another testing method is 
the examination of shrinking and expansion. The examination of the behavior 
against sudden change of temperature and that of resistance against corroding 
agents encounter great difficulties. 

Finally the significant investigations of E. Steinhoff are mentioned, in 
which he attempted to examine the structure of refractory materials by etching 


if slides. Abstracted by Dr. Hans Pollack, Germany. 








WEAR TESTING OF MATERIALS FOR RAILWAYS AND INDUS- 
TRIAL WORKS. By Oberbaurat Ing. Spindel, Innsbruck. Zeitschrift des 
Vereines Deutscher Ingenieure, March 20, 1926, p. 415-421. 

The wear testing machine of the Maschinenfabrik Augsburg-Nirnberg, 
designed by the author, is fully described. It serves for testing the wear- 
resistance of all sorts of structural materials, of tools and tool steels, lubri- 
cants, ete. The examination of ordinary rail steel is carried out with a 
grinding velocity of 30-35 meters per minute (1200 to 1400 inches) and a load 
of 5 kilograms (11 pounds), wear resistant steels are tested with a velocity 
of 20-25 meters per minute (790 to 985 inches) and a load of 10 kilograms 

pounds). The testing duration amounts 3-15 minutes. 

The gliding friction is examined by pressing the test piece against a 
rotating disk of 1 millimeter in thickness, that grinds out a segment-formed cut 
from the test piece; by this the disk is also worn. The ratio of the volume, re- 
moved by grinding, to the grinding time or the grinding way is the measure 
for the wear of the material; the ratio of the volume, worn out of the disk, 
to the grinding way is the measure for the reaction of the test piece on the 
grinding disk. 

The inverse values of these ratios are numbers of quality for the wear 
resistance and the saving-resistance, from both of these numbers is concluded 
the real wear-quality of the material. 

The results, obtained by examination of open-hearth and Thomas steel rails 
With tensile strengths from 85,000 to 128,000 pounds per square inch, show 
that the wear-resistance is independent of the tensile strength. 

The question of wear-quality may only be solved with the aid of the 
metal-microscope and the wear testing-machine. 

Abstracted by Dr. Hans Pollack, Germany. 


\N INVESTIGATION ON BLACK HEART MALLEABLE CAST 





(Continued on Page 138) 
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Reviews of Recent Patents 
By 
NELSON LITTELL, Patent Attorney 


475 Fifth Ave., New York City 
Member of A. S. S. T. 


1,580,647, Process for Treating Ferrous Metal to Prevent Corrosioy 
George D. Breck, of Cleveland. 


This patent describes an apparatus and process for treating 







metal products to render the same resistant to corrosion. The 


process 





comprises rolling a finely divided corrosion resisting metal ecapabl 
forming an alloy with the iron or steel into the hot surface of the iro) 















steel during the rolling operation. The apparatus comprises a hopp 


i} 
I 





for containing the finely divided metal to be rolled into the surface, suc! 
as chromium, or a mixture of chromium and iron, which hopper is 
vided with suitable means for uniformly feeding the powdered mixtur 
onto the surface of the plate 1 which is being rolled. The powdered n 
terial 3 is distributed over the surface of the plate just prior to th 
passage of the plate through the rolls 2 and on the passage of the heated 
plates through these rolls, the surface coating of chromium or the like is 
rolled into the surface of the sheet, the heat of the sheet and the pressur 
of the rolls combining to form an alloy coating on the surface of th 


sheet. If desired, the powdered coating material may be heated as 
passes over the apron of the hopper 4 by means of a gas burner or th 


like 8, 






1,580,662, Alloy, Pierre Girin, of Paris, France, Assignor to Societe 


Anonyme De Commentry Fourchambault and Decazeville, of Paris, 
Seine, France. 







This patent describes an alloy for use particularly at extremel) 
temperatures, such as are encountered in the liquefication of permanen' 
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d which will be free from the brittleness of ordinary iron and 
these temperatures and will have a high elastic limit and tensile 
The alloy is particularly adapted for use in the manufacture 
aratus for liquefying air, nitrogen, or the like, at temperatures of 
Ik0 degrees Cent. or below. The alloy may contain nickel 40 to 
eent, manganese 0.8 to 5 per eent and the remainder iron. Che 
nn of small pereentages of vanadium and titanium, that is 0.1 to 
eent, has a favorable action on the quality of the alloy. \ pre 
composition of the alloy is niekel 55 per cent, manganese 2 per 


and iron 43 per cent. 


1.581.269, Process of Treating Metals to Inhibit Excessive Grain 
Growth, George L. Kelley, of Philadelphia, Pennsylvania, Assignor to Ed- 
ward G. Budd Manufacturing Company, of Philadelphia, Pennsylvania, a 
corporation of Pennsylvania. 

rhis patent describes the method of prohibiting excessive grain 

vth, especially during the annealing of sheets or the like which have 

subjected to a cold working operation, such as drawing. The in 

tor has noticed that carbon steel, when subjected to cold working 
nd then to an annealing temperature, develops abnormally large erystals 
ch reduce the strength of the material. He has found a method of 
reoming this tendeney which comprises subjecting the articles, which 


ve been put uu 


a condition of strain through cold working to a prelim 
irv heating, which is below that at which excessive grain growth de 
ns, for a sufficient length of time to relieve the strain of cold work 
after which the artiele may be heated to the annealing temperature 
thout the development of the large grain growth. As one example of 
process, he heats a low earbon steel of 0.05 to 0.15 per cent carbon, 
hich has been subjected to a cold working operation, to a temperature 
pproximately 1100 degrees Fahr. and maintains the article at this 
perature for a period of about two hours to relieve the working strain. 
ter this period, the temperature is inereased to 1200 to 1400 degrees 
ahr. for the purpose of annealing the article, and no excessive erystal or 
rain growth will be developed. 


1,581,443, Heat-Resisting Article, John Clifton, of New York, N. Y., 


Assignor to Driver-Harris Company, of Harrison, New Jersey, a corpora- 
tion of New Jersey. 


This patent describes the production of heat-resisting boxes, such as 


nealing boxes, retorts and other castings which are to undergo re 
ited heating or cooling operations. The article comprises a main 


vy portion, such as an annealing box 2, provided with feet or supports 
which the box rests and having imbedded in the cast walls there 
wrought iron reinforeing members 8, 10 and 12, for the purpose of 
enting eracking of the box in the repeated heating and cooling to 
the box is subjected. These wrought iron reinforcements may be 
isly distributed at points of known weakness in the box and pre 
are located so as to reinforee the corners of the box. In the 


ction of these boxes, the mold is formed in the usual way and the 
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wrought iron inserts, such as 8, 10 and 12, are positioned in the 
means of chaplets, and the metal to form the walls of the box 






1 
l ent, 








te a point sufficiently high to fuse the wrought iron surfaces when pour 
around them, so as to form a weld with the surface of the wrought 
members when the casting is poured. 

























1,582,353, Magnetic Alloy, Willoughby Statham Smith, of Benchams. 
Newton Poppleford, and Henry Joseph Garnett, of Seven Oaks, England, 

This patent describes a new magnetic alloy which has a 
hysteresis loss with a high permeability at low magnetizing forces, s 
as the magnetizing forces present in telegraph and telephone cables 
The alloy comprises nickel at least 71 per cent of the whole, iron betwe 
19 and 21 per cent and copper between 5 and 6 per cent. To increase th 
electrical resistance, a fourth element, such as tungsten, chromium, s 
con, vanadium, titanium, molybdenum or aluminum may be added 
ferably in amounts of less than 1 per cent. An alloy comprising nick 
73.0 per cent, copper 5.4 per cent, iron 20.7 per cent, tungsten 0.6 per cent 
and manganese 0.3 per cent has an electrical resistance of 25 microhms 
per cubie centimetre and an initial magnetic permeability of 6600. 


1,586,543, Process of Refining Metals; Sigurd Westberg, of German 
town, Pennsylvania. 

This patent describes a process of reducing or removing certain in 
purities from metals and alloys while in a solid state, and more particu 
larly the removing of sulphur and carbon from metal rods, sheets, bars, 0! 
the like, by coating the metal with lime or an oxide of an alkaline eart! 
stacking the same in a heating chamber or muffle, passing hydrogen gas 
into the chamber until all of the oxidizing atmosphere is removed a: 
then heating to a sufficient temperature to cause a combination of th 
hydrogen with the impurities in the metal. The temperature of this con 
bination will be between 800 and 1400 degrees Cent. The pressure on th 


gas in the muffle may be varied to vary the rate of removal of the sulphu' 
and earbon. 









1,586,590, Manufacture of Ferrochromium Alloy; 1,586,591, Manufac- 
ture of Ferro-Alloys, Particularly Ferrochromium Alloys; 1,586,592, Manu- 
facture of Unstainable Irons and Steels, Ronald Wild, of Holmesfield, Eng- 
land, Assignor, by Mesne Assignments, to Rustless Iron Corporation of 
America, a corporation of Maryland. 

This group of patents relates to the production of ferrochromium @ 
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REVIEWS OF RECENT PATENTS 
ve and to the use of these alloys in the manufacture of rustless or un- 

ctainable iron or steel. According to the first patent, a ferrochromium, 

aining a low percentage of carbon and silicon suitable for producing 
-yatless iron as well as rustless steel, is produced by subjecting a base 
metal, comprising iron and chromium and containing impurities, such as 
carbon and silicon, to an oxidizing blow in order to reduce the carbon 
‘ud silicon to the desired point. The novelty of the process comprises 
‘1, adding to the base metal an additional oxidizable element, such as 
manganese, which will be largely removed in the oxidizing blow, but 
which will protect the chromium of the alloy from oxidation during the 
blowing operation. 

The second patent describes a method of producing ferro alloys, such 
as ferrochromium, with a low carbon content by the reduction of the 
oxides of the metals through an exothermic reaction of the silicon, the 
novelty of which resides in carrying out the reaction with an excess of 
the oxide of the metal to be reduced over the chemical equivalent of the 
amount of ferrosilicon used. 

The third patent describes the production of an unstainable iron or 
steel by the mixture of molten crude ferrochromium with molten iron or 
sieel of approximate purity in proportions to provide an initial product 
of substantially the composition of the desired unstainable metal and 
then purifying this product by means of an oxidizing blow which removes 


the silicon contained in the erude ferrochromium. 


1,586,599, Vertical Heating Furnace, Ernst Bohler, of Rosselange, 
France. 
This patent describes a vertical heating furnace in which the ma- 


terials to be heated are moved counter to the current of heated gases in 


ee 





rr: Ay ub ae whee 


vertical chamber as distinguished from the same type of continuous 


horizontal furnace, thereby securing a more uniform heating of the ar- 
ticle 


e than is possible in the horizontal furnaces of this type, because in 


(Continued on Page 139) 
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The Question Box 


A Column Devoted to the Asking, Answering and Discussing 
of Practical Questions in Heat Treatment — Members — 
Submitting Answers and Discussions Are Requested | 

To Refer to Serial Numbers of Questions | 





QUESTION NO. 190. What is the most suitable thickness of a 
plate coating to prevent carburization in the box type method of carb 

QUESTION NO. 189. What is the McQuaid-Ehn test and what 
merits in selecting steel for carburizing ? 

QUESTION NO. 188. What causes the scaling on the inside of 
of piston pins when heated in a Hoskins electric pusher type furnace D 
the sulphur content of the steel have any marked effect? 

QUESTION NO. 187. What causes the carbonaceous deposit o 
parts when quenched in oil from temperatures about 1600 degrees Fah H 
can this be eliminated? Do all oils have the same effect in the same d: 

QUESTION NO. 186. Why should marking dies be rubbed with 
cloth before using ? 

QUESTION NO. 185. What precaution should be observed in dé 
such a tool? 

QUESTION NO. 184. What precaution should be observed in quench 
tool steels containing chromium? 









ANSWER, By 8. P. Rockwell, Hartford, Conn. The main preea 


to be used in quenching tool steels containing chromium is to be abso 







sure that full saturation of heat has been secured and the work has 
pletely and uniformly emerged from the eritical range. The Rockwell dilat: 
eter shows steels containing enough chromium to demand an oil quen 
have entirely different characteristics than those steels which can be saft 


quenched in water. This is chiefly observed by an entire lack of contracti 












or expansion after the main contraction of the critical range has been pass 

QUESTION NO. 183. What effect, if any, have the additions of « 
on the internal stress of tool steels? 

QUESTION NO. 182. What indication, if any, is given in the quenci 
of tool steel if the steel is quenched while going through the critical rang 

ANSWER. By 8S. P. Rockwell, Hartford, Conn. In working with 
Rockwell dilatometer any steel going through its critical range contracts, 
if this steel is of such a nature that it will crack in the quenching, if que! 
during this contraction period, it will in the great majority of cases brea! 
the quench. It is usually found that if quenched during this contract 
period the steel quenched will squeal more than ordinary, 

QUESTION NO. 181. How may a pyrometer be checked by means 0/ 
bon tool steel? 

ANSWER. By 8. P. Rockwell, Hartford, Conn. In any straight 


tool steel it has been found that the contraction period by the Rockwell di 
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licates the Ae, critical temperature, and if a pyrometer is used in con 
| tion with the heating, it will be found that the contraction takes place at 
se perature of 1355 to 1360 degrees Fahr. Of course, the pyrometer fire end 
-+ be in contact with the work. On slow heating this is found to be quite 
ible cheek. 
Ql ESTION NO. 180. Explain the effect of decarburization in grinding. 
senna QUESTION NO. 179 What is the difference between grinding cracks and 
1g checks? 
QUESTION NO. 175. How long should high speed steel tools be left in 
gh draw? 
\NSWER. By 8. P. Rockwell, Hartford, Conn. The answer given by 
E. P. Geary, to leave the steel in one hour after saturation of the drawing 
has been obtained is good practice. To determine when the saturation 
riod has been completed is readily done by the Rockwell dilatometer. When 
contraction or expansion is shown by the indicating dial or recorder, then 
ere can be no interchange of heat between the furnace and the work being 
empered, and in consequence thorough saturation has been secured. 
QUESTION NO. 174. How long should high speed steels stay in the 
cheat ? 
ANSWER. By 8S. P. Rockwell, Hartford, Conn. High speed steel should 
in the preheat until full saturation can be secured. This can be readily 
) ne by the Rockwell dilatometer as described in answer to Question No. 175. 
QUESTION NO. 171. What is the hardness of carbon steels at elevated 
eant temperatures such as 400 to 1000 degrees? 
solute QUESTION NO. 170. W hy do you get a low Rockwell reading on Stellite: 
- ANSWER. By 8. P. Rockwell, Hartford, Conn. The main reason for a 
w reading of Stellite is undoubtedly due to the crystallization and dendritic 
ture obtaining in this metal. The metal seems to crumble under the 
Brale test and form a rough crater entirely opposite to that formed by 
standard steels. 
QUESTION NO. 169. What is the hardness of high speed steel at 
vated temperatures such as 400 to 1000 degrees? 


QUESTION NO. 165. What importance should be placed on the carbon 
tent of high speed steel? 

QUESTION NO. 159. What is the explanation for the retarding effect 
. corrosion of small amounts of copper in low carbon steel? 

| | \NSWER. By C. G. Williams, metallurgist Barber Colman Co., Moline, 


What seem to be the facts and what is put forward as a tenative solution 

the proposition concerning the resistance of copper bearing steels to corro 
will be given as the true solution, until some other better solution is 
forward, 

The steels tested have been those low in carbon, that is, having from 0.10 
20 per cent earbon, from 0.005 to 0.015 per cent sulphur and with 0.50 

) per cent copper. 














































































































































































































































them. The crystals or grains have an irregular structure with curved o 
This condition seems to have been brought about by the grains in the st 
formation being 


are thus caused 
approach to the 
Because of 


rounded by the 


the moisture in 


contact with the 


corrosion of the metal can be carried on to only 


been broken or crushed as in rolling or other forming work or entirely remov 
over a portion of the molecule as in mechanical operations of other types 
Copper bearing steels are not properly corrosion resistant, for they 
corrode to some slight extent, as noted above, but in proportion to the amount 
of corrosion exhibited by plain carbon steels and most types of alloy steels, 
is so slightly affected as to appear to be entirely corrosion resisting. 
QUESTION NO. 
‘* transverse fissure’’ 


QUESTION NO. 157. 





black heart malleable cast iron by means of a dilatometer. 
Since the graphitization of 


temperatures can be followed continuously by measuring the expansion 
cast iron at these temperatures. 
and second stages, that is, 
(1) the graphitization of free cementite above the A, point, that 
primary (if present) and eutectic cementites; 
(2) the graphitization of eutectoid cementite precipitated from auste! 
at the A, point, 
and investigated the relation of the graphitization to temperature or to 
ing interval. The results are as follows: 
1. To obtain a black heart malleable cast iron from a white 
is necessary first to heat the sample for 
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In these types of stee!s, some of the copper units with part or 
sulphur to form copper sulphide, Cu,S, and the remainder of the copy: 
a solid solution in the ferrite. Micrometallurgical examination shows t 


copper sulphide is at the boundries of the grains and entirely surr 


a coating of the copper sulphide. 
to assume a finer structure and the pearlite will so 

martensitic form as to be almost undistinguishable fro) 
the fact that the small ferrite crystals are completely s 
coating of copper sulphide, which is almost impervious 
moisture or to the action of certain corroding gases or their combined act 
combination 


molecules oxidize, and 


i very slight extent 
only where the erystals or their surrounding envelope of copper sulphide 


is the present 
as occasionally found in rails? 
Does 0.070 to 0.090 per cent phosphorus in 
carbon basic open hearth steel tend to prevent ‘‘ stickers’’ 
sheets? If so, what is the explanation for such a tendency? 


recognized cause 


Abstracts of Techincal Articles 
(Continued from Page 15 
IRON. By Tario Kikuta: Kinzoku no Kenku. 


The author investigated the details of the change of white cast iro 


Vol. 3, No. 4, 1926, p. 185 


‘ast iron is always accompanied by 
siderable expansion of its volume, the progress of graphitization 


He elassified the graphitization into the firs! 


1 prolonged time at 
temperature above the A, point, and then to heat it for a prope! 
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ust below the A, point to graphitize the eutectoid cementite separated 
ut at this point. 

[he time intervals required for the first and second stages of graphitiza 
tion depend considerably upon temperature. The relation between the 


heating hours (t) and the temperature T (T in absolute scale) is given 


Dv $ 

ns | first stage of graphitization: t aie 

Ose second stage of graphitization: t ee we 
for a sample containing 2.56-2.74 per cent carbon and 1.12-1.29 per cent silicon. 
‘Ly sur 4. The size of the cementite particles in cast iron depends on the thickness 
ious ti of the cast piece, or more correctly, on the velocity of cooling after the cast 
the thicker the cast, the larger are the cementite particles, and hence the 

ome jj vraphitization is more difficult. 


i. The pouring temperature of white cast iron affects its graphitization ; 
the higher this temperature, the more difficult is the graphitization. 


5. The author also investigated the effect of a small quantity of a third 


remove element on the graphitization. Silicon favors the first and second stages of 
pes vraphitization. Carbon affects a little the first stage of graphitization; but 
ev W onsiderably favors the second stage. Manganese resists the graphitization; 
amount the effect is not so large for the first stage of graphitization, but considerable 
Teels 


for the second stage. The same remark applies also for the case of sulphur. 


Phosphorus a little favors the first stage of graphitization; but for the second 


for th F stage its quantity must be smaller than a certain value (0.3 per cent phos- 
shorus. ) Abstracted by Dr. Kotaro Honda. 
: Reviews of Recent Patents 


(Continued from Page 135) 
the horizontal furnaces the heated gases concentrate at the top of the 
hamber, and only the upper portions of the billets or the like are heated. 
[he apparatus comprises a vertical shaft provided at the top thereof with 
dome-shaped heating chamber into which the heated gases are forced 
185-2 | by suitable pipes. At the bottom of the vertical shaft, an elevating ram 
iron t | pusher M, which may be hydraulically operated, is used to move the 
| stacks of billets progressively upward. The billets are laid in spaced re- 
lation upon horizontal supports and pushed upwardly by the ram M into 
9 the base of the stack where they pass the supports T-1 and T-2, which 
1 of the permit the passage of the billets supports upwardly, but will not permit 


the first ; the downward movement of the billet supports from the stack. The 
* 


ram 
is then withdrawn, a fresh layer of billets placed thereon and pushed 


it is, of uto the base of the stack, thereby elevating the first layer off the sup- 
ports T-1 and T-2, and upon withdrawal of the ram M depositing the 
ste? second layer of billets upon these supports, and so on, each operation of 


Tr 


he ram M elevating the stack of billets toward the top of the vertical 

to heat chamber in counter current to the heated gases which enter at the top of 

the chamber and escape from the flues at the base. When the stack of 

iron, it billets in the chamber reaches the height of the door D near the top, 

g] this door is opened and at each operation of the ram M, one layer of the 
leated billets removed. 
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STANDING OF THE CHAPTERS G 
ix 
N the June issue of TRANSACTIONS appeared the relative men ther 
standing of the 29 chapters of the Society as of April i, 1926, and 
of May 1, 1926. The tabulation which appears below shows the ail 
membership standing of the chapters on May 1, 1926, and June 1, 19 ial 
STANDING OF THE CHAPTERS AS OF JUNE 1, 1926 = 
GROUP 1] GROUP II GROUP II! sibs 
lt. Detrewt ....... (36) 1. Hartford .....(€138) l. Los Angeles noeitl 
2. Cleveland .....(376) 2. Lehigh Valley.. (137) 2. Tri City 
3. Philadelphia ..(356) 3. Golden Gate...(129) 3. Rockford with 
4. Pittsburgh ....(317) 4. Syracuse .....(101) 4. Washington — 
5. Chicago ...... (312) 5. Milwaukee ....(100) 5. Worcester nin 
6. New York ....(255) 6. Cineinnati .....(83) 6. New Haven. 
7. Boston .......(2384) 7. Indianapolis ...(82) 7. Rochester 
S; Be biewe ss. 23 C96) 8. Schenectady 
O. mame “Ske co CB) 9, Toronto 
10. North-west ....(48) 10. Rhode Island house 
11. Montreal who 
12. Fort Wayne the 
Springfield visit 





STANDING OF THE CHAPTERS AS OF May 1, 1926 


GROUP I GROUP II GROUP IT! 



















lL. Detrowt ..¢.e. (384) 1. Lehigh Valley.(133) 1. Tri City 

2. Cleveland ....(375) 2. Hartford .....(132) 2. Los Angeles 

3. Philadelphia ..(353) 5. Golden Gate...(132) 3. Rockford 

4. Pittsburgh ...(321) 4. Syracuse .....(100) 4. New Haven ‘ 
5. Chicago ...... (306) 5. Milwaukee ....(100) 5. Washington 

6. New York ...(25d1) 6. Cincinnati .....(80) 6. Worcester 


7. Boston .......(236) 


» ee EE oss cee (75) 7. Rochester 

8S. Indianapolis ...(75) 8. Schenectady 
ED bce vcee (56) 9. Toronto .. 4 
10. North-west ....(50) 10. Rhode Island 

ll. Springfield 

12. Fort Wayne 


- 
- 







HERE are now over 4000 members of the A. S. S. T.. the actu 
on the first of the month being 4011, a net gain of 83 new mem! 
month. 


Group No. 1—All but one of the chapters in this group showed a 








NEWS OF THE CHAPTERS 
rvest being Chicago with a net increase of 6. 
Group No. 2—Lehigh Valley had the honor of holding first place in 
Group 2 for a month; however, there is a long span of future ahead and, 
dging from Lehigh Valley’s activities, they will not be content to let Hart 
ford occupy the coveted position. The standing of the other chapters in the 
——" oup remains the same, with the exception of Indianapolis with an increase 


- I 


new members, passing St. Louis. 





Group No. 3—Greetings to Los Angeles—the new leader in this group. 
Mor a great many months Tri City has headed this list with Los Angeles 
either tied with them, or just a few members behind. However, Los Angeles 
has turned over their membership work to a very active membership com 
mittee and they had an increase of 11 new members last month, which gives 
them now a lead of 8 over Tri City. Rockford gained three new members 
fter their remarkable advance last month, which now gives them a member 
ship of 62. New Haven dropped from fourth position to sixth, which per 
mitted Washington, with a gain of 4, and Worcester with no gain, to occupy 
positions 4 and 5. 

It will be observed that a new group has been admitted to GROUP 3, 
with 35 new members,—that is Montreal,—Fort Wayne, the other new group, 
having been admitted last month. Montreal had 24 completed memberships 


luring the past period and Fort Wayne had an increase of 6. 


BOSTON CHAPTER 


\t the annual meeting of the Boston Chapter, May 7, 1926, Dr. G. Water 

| house, professor of metallurgy at Massachusetts institute of Technology, 
who had recently returned from a business trip in Germany, briefly described 

the Krupp Nitride Case-hardening Process, describing what he saw on his 

visit to Essen and quoting from Dr. Fry’s article in the February, 1926, issue 
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ie Krupp Monatshefte. Special steels having the same mechanical ani 
machining properties as our nickel and nickel-chromium steels have been 


eloped by Krupp especially for this purpose and are the only ones suit 
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able for the process. The parts are finish machined and in cases whe) 


thought necessary, they are annealed to remove any strains. They 









acted upon by gases, chiefly ammonia, which liberate the nascent nitro 
moderate temperatures. In no case does the temperature exceed 1076 
Fahr. After the necessary length of time to give the desired depth ot 












tration, the parts are slowly cooled and are ready for use without 
heat treatment. 

The surface hardness is very high, experiments indicating that 
proaches 950 Brinell against about 630 for regular hardened carburized x 
faces. This hardness, however, falls off rather quickly so that at a depth 
0.2 millimeters, the carburized parts are much harder than those nitrified 
For this reason the process is not suitable for parts exposed to surface press 
ures of over 100,000 pounds per square inch. A particular feature of th 
process is the fact that fragile, delicate pieces can be treated with 1 
formation if they are free from internal strains before treatment. 

Many examples of parts which were being commercially treated by nit) 
fying were given, including automobile and typewriter parts, bolts, vages 
and so forth. When asked how such high Brinell figures were determine 
Dr. Waterhouse said that the actual tests were made with the Herbert Ha: 
ness Tester and the Brinell figures calculated from the results thus obtain 

This is the second coffee talk which Dr. Waterhouse bas given the cha 


nal 







ter since his recent trip to Germany and the members are looking for) 
to hearing more of his interesting experiences there at a future meeting 


H. E. Handy 








CINCINNATI CHAPTER 

The regular May meeting of the Cincinnati Chapter, A. 8. S. T., was 

held at the Ohio Mechanics Institute on the 12th day of May. There were 4 
in attendance. 

The chairman appointed C. M. Bigger, chairman, A. J. Lueas, E. F. Ries 


as members of the ‘‘On To Chicago’’ committee, whose duty it shall be t 







stimulate interest in the national convention and exposition to be held in Se; 
tember. 
) The ‘‘ Educational Committee,’’ consisting of Prof. G. M. Enos, chairma 
W. R. Klinkicht, and A. J. Lucas, was also appointed, whose duty it shall be t 






arrange details in connection with the proposed course in metallurgy and heat 
treatment. 










The secretary submitted the following report: During the year 1925-2! 
the Cincinnati Chapter, A. 8. S. T., held nine regular meetings and four ex« 
tive committee meetings. 

The average attendance at the monthly meetings was about 45 members 
and guests. The approximate membership attendance at the meetings was 
about 35 members or 33-1/3 per cent. The total attendance for the year was 
403 members and guests. 











MEETINGS—DATES—SPEAKERS—SUBJECTS 






Sept. 10, 1925—Geo. Desautels, Heppenstall Forge & Knife Co. ‘‘The Man 
facture and Heat Treatment of Die Blocks,’’ illustrated with 
a motion picture. 





Held at the University of Cincinnati. 
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.. 1925—G. C. Davis, New England sales manager, The Bellis Heat 
Treating Co. ‘‘The Application of Lavite to Steel and Non 


Ferrous Heat-Treatment,’’ illustrated with slides. Held at 


(dT 


the Ohio Mechanics Institute. 

Nn — 4925—Sam Tour, Doehler Die Castings Co. ‘‘ Die Castings,’’ illus 
trated with slides and samples. Held at the Ohio Mechanics 
Institute. 

1) ik, 1925—J. M. Watson, metallurgical engineer, The Hupp Motor Car 
Co. ‘*The Heat Treatment of Automobile Forgings,’’ illus 
trated with a motion picture. Held at the University of 
Cincinnati. 

i4, 1926—Mr. Strickland, The American Rolling Mill Co. ‘‘The 

Corrosion of Ferrous Metals.’’ Held at the Ohio Mechanics 
Institute. 

Meh, 11, 1926—J. Korp, The Leeds & Northrup Co. ‘‘The Hump Method of 
Heat Treatment.’’ Held at the Ohio Mechanics Institute. 

Mar. 11, 1926—Prof. G. M. Enos, University of Cincinnati. ‘‘The Spark 
Testing of Steels,’’ illustrated with slides and a_ practical 
demonstration. Held at the Ohio Mechanics Institute. 

\pril 15, 1926—W. R. Fleming, The Andrews Steel Co., metallurgical engineer. 
‘*The Relation Between the Steel Maker and the Steel 
Treater.’’ Held at the Ohio Mechanics Institute. 

May 12, 1926—.J. Cran, Supervisor of Heat Treatment, The Peters Cartridge 
Co. ‘‘Why Steels Warp and Crack.’’ Held at the Ohio 
Mechanies Institute. 

The following were duly elected officers for the ensuing year: 

Chairman, W. R. Klinkicht, The Pollak Steel Co. 

Vice-Chairman, A. J. Lueas, The Cincinnati Gear Co. 

Secretary-Treasurer, Fred L. Martin, Nat’l Metal Trades Ass’n. 

ixecutive Committee: E. P. Stenger, The Queen City Steel Treating Co.; 

\. M, Salkover, The Queen City Steel Treating Co.; Prof. G. M. Enos, 

University of Cineinnati; H. S. Binns, The Cinti Milling Mach. Co.; J. H. 

Nead, The American Rolling Mill Co. (Middletown, O.) 

J. Cran, supervisor of heat treatment, The Peters Cartridge Co., was then 

troduced and presented a most interesting paper entitled ‘‘Why Steels 

Warp and Crack.’’ His subject was selected from an article under the above 

eading appearing on page 373 of the March issue of TRANSACTIONS. 

Mr. Cran’s many years of practical experience devoted to the solution of 
op problems in heat treatment enabled him to cite many diffieult problems 
nd the proper method of overcoming failure of tools, dies and other parts 
it fail through cracking and distortion. 

The paper was followed by a lively discussion which terminated only on 

unt of the lateness of the hour. Fred L. Martin. 


CLEVELAND CHAPTER 
The May meeting of Cleveland Chapter was held May 21, 1926, at 8:00 


ul., In the Engineering Society Rooms at Hotel Winton. The program for 
ening was the showing of a six reel motion picture taken at the Young 
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town Sheet and Tube Company, Youngstown, Ohio, and presented 
Reinhardt, metallurgist for that company. 


This picture showed in detail the manufacture of pig iron, bessen 





and basic open hearth steel and some methods of manufacturing pi 





film was both entertaining and instructive, and, although it was mai, 





inde 





necessarily difficult conditions, the photography was excellent. 


This was the last meeting of the season for Cleveland Chapter. 





OY 


were made by the retiring chairman and secretary-treasurer. The elect 








officers and members of the executive committee resulted as follows: 
Chairman—W, P. Sykes, National Lamp Works 
Vice-Chairman—A, 8S. Townsend, Cleveland Twist Drill Co. 


Secretary-Treasurer—A. E. Buelow, Lamson & Sessions Co. 




















Beebe, Columbia Tool Steel Co.; E. W. Goodaire, Cleveland Frog & (rogsi) 
Co.; H. A. Sehwartz, National Malleable & Steel Castings Co.; V. L. T 
White Motor Co.; W. H. White, Atlas Steel Corp. A. S. Tou 


Executive Committee—James Ayling, Case Hardening Service ('o.; | 































DETROIT CHAPTER 
The April meeting of the Detroit Chapter of the American Society 
Steel Treating was held Friday, April 9, 1926, and was a joint meeting 








the Detroit Engineering Society. The usual Coffee Talk was given by) 
speakers. The first speaker was G. C. Dilleman of the State Highway 











partment, Lansing, Michigan. 





Mr. Dilleman said that the Highway Department started in 1905, 











a 19-foot road was considered ideal. In 1913 state trunk lines wer 
augurated, but up to 1919 county-made roads were the rule. Michigan 
77,000 miles of highway, 69,000 under the State Highway Department, 


miles of improved roads, of which 4000 miles are paved. 











Michigan has 
miles of Federal Aid Highway, and it will not be long before people w 
think in terms of federal roads only. 














The new construction roads, i. e., those less than 5 years old (all 























and all bridges are 30 to 40 feet wide. 





highways, which are 204 feet wide. One mile of 20-foot roadway (concret 


costs $35,000, but gravel roads cost 2% times as much upkeep, so that co 








crete is cheaper. Maintenance of present roads costs the State of Michiga 
$4,000,000 a year, 








The present program calls for decreasing accidents 





= 


highway. 








The second speaker, George 




















of high order living by scout laws. 





The Boy Scout program is an edw 














has grown so much that several colleges, as Columbia, Wisconsin, Califor! 
etc., have special courses for Scout Masters. The Boy Scout system runs ‘ 














10-year-old roads are out of date), will stand truck traffic up to 14 tons 
maximum load. These roads are thicker, and 20 feet minimum, most roads 





Then there is starting the supe 


grading curves, by grade crossing eliminations and proper signs along th 


Appel, spoke on the Boy Scout 
Movement. Mr. Appel gave a good idea of the army of boys 


{ 


tional system. Boys need to be bound together to strive for something be! 


ter and on this idea and a boy’s instinct for play the Boy Scout movemen' 


the merit system and the boy must learn to earn his insignia. The movemen! 
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vears old, of English origin, and the results are now being felt. Over 
cent of the freshmen of Annapolis and Harvard were Boy Scouts. The 

ts are making good and have their foundation in manhood. 

The speaker of the evening was Dr. Zay Jeffries, our National Treasurer, 

head of the Research Bureau of Aluminum Company of America, Dr. 
leffries spoke on ‘Engineering and Science in the Metal Industry.’’ 

Dr. Jeffries started his paper by giving a brief perspective of the metal 
lnstrv. Lron, it seems, constitutes 93 per cent of the total metal produe 
or Other metals of the 50 chemical elements used in industrial alloys to 
ike 99.5 per cent of the world’s production are copper, lead, zine, aluminum, 


n. and niekel. The value of metals produced in small quantities to humanity 


is silver, chromium, tungsten and plantinum, was brought out. We could 
iferd to pay $330,000 a pound for tungsten rather than go back to carbon 


filament lamps. 

Dr. Jeffries then traced the growth of the metal industry since 1885, ‘The 
vradual imerease in the use of nonferrous material was in evidence. In the 
steel industry the increasing use of alloy steel is most evidenced. As a result 
f these two facets we find a pound of metal is being made to give more 
service than ever before. 

The problems of selecting the best metal or alloy for a given purpose 
s the great question of the engineer. This is a complex problem. In many 
ises there is only one base metal deserving consideration because of cost, 


mantity, shapes and sizes. No engineer is needed to determine that steel is 


the proper material for rails. Engineering experience is required to select 
the proper kind of steel and the proper treatment so the rail will have a 
suitable life. Assuming that several materials will function the selection 
should be made on the basis of ultimate economy. This is a selection by 


economic compromise and is not always obvious. 
Dr. Jeffries stated that up to 50 years ago the metal industry was all 
it and no science. It is beeause of seienece that the metal industry has 


progressed more in the last 50 years than the previous 10,000 years. In these 


days it does not take long to correlate and interpret observations. As an 
illustration of this, Dr. Jeffries gave the following:—Pure iron is heated 


in hydrogen to 1450-1500 degrees Cent. and quenched in oil and becomes glass 
hard. Quenched in water, it is soft, or heated in air and quenched in oil, it 
is soft. In less than an hour the microscope explains all. The iron has a 
vhite iron structure on the surface and normal earbonless iron on the inside. 
The explanation is easy and immediate. Hydrogen keeps iron clean, when 
thin clean iron strikes the oil some of the carbon combines with the iron and 
lowers its melting point. Before the iron ean cool, low enough carbon is 
ihsorbed on the thin melted surface layer and the iron carbon alloy is hard. 

The classification of metals and alloys by Dr. Jeffries was: 

l. Pure Metal 

Solid solutions 

+. Compounds 

\n alloy, no matter how complex, is made up of one of these and it is a 
metallurgical problem to recognize items. A metallurgist should also deter 
nine the properties of the constituents of an alloy separately, because only 
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by so doing is he able to tell the effect of each constituent on the pri 
of the alloy. 

The factors governing the properties of an alloy will depend on: 
1. The number and properties of the constituents present 


) 


2. The proportions of the constituents 








» 


3. The arrangement of the constituents 

These properties can be further explained on atoms and variations 
their arrangement. The sum of the atomic attractions on a plane throug! 
piece of metal normal to the stress may he called absolute cohesion of { 
metal. 





The tensile strength found is always lower than the absolute coly 









In fact, softness and weakness are found in spite of high cohesion 
The key to their interpretation is found in crystal structure. Perm 
deformation of a solid metal 1s known to take place largely by slippag 
one portion of a crystal with reference to another along crystallogra 
planes. There are a number of ways of increasing slip interference; 
solid solution, or pure metal by grain refinement and by hard metalli: 
pounds in other alloys. 


By means of slides Dr. Jeffries gave a schematic representation of 










section through a crystal of solid solutions and one of a erystal in wi 
a portion of the solute material has combined and formed a hard metalli 
compound scattered through the area. He then showed the effect whe 
the metallic compound grew into one large portion. In the latter case, slij 
could take place almost as easy as in the solid solution and much easier thay 
when the compound was scattered through the erystal. 

Dr. Jeffries then applied this reasoning to the hardening of steel. Bi 
use of X-rays it has been proven that martensite is very fine grained. It 
therefore evident that in this case we have hardness and reluctance to 
due to 


t 






1. Ultra-fine grain size 





) 


2. Carbon in solid solution 





The maximum hardness of any alloy can be obtained by super graii 


refinement or critical dispersion of the hard metallic compound. In st 













the grain refinement 1s sufficient to almost account for martensite hardness 
and the carbide precipitation has little effect. By a reasonable interpretatio 
of these facts the hardening of high speed steel was explained. 

The next point to which Dr. Jeffries called attention was a 22 per cent 
molybdenum iron alloy. On slow cooling an iron molybdenum compoun( 
precipitated out, if quenched from 1400 degrees Cent., a solid solution r 
sults, and if tempered at 600 to 650 degrees Cent., a hard alloy results whic! 
appeared trosto-sorbitic on the slide shown. The material was coarse-grained 
but the 600 degrees Cent. draw gave critical dispersion and the material, 
from 214 Brinell as quenched, became 531. Dies from this alloy run at a red 
heat lasted 60 times as long as high speed steel. It is significant that this 
heat treatment is typical of the nonferrous rather than ferrous alloys. 

In closing Dr. Jeffries said that as time goes on we will see an extended 


use of alloy and heat treated steel, that consumers are being supplied wit! 









a better product every day and less new metal is required for a given servic 


to the consumer than at any time in history. In harmony with this idea 1s 
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.< production and standardization. We look for mass production in the 
industry, but it must and will be mass production of quality products. 

\ rising vote of thanks was tendered Dr. Jeffries for his splendid paper 
nd forceful presentation. ; F. P. Zimmerli. 

\ precedent was established for the American Society for Steel Treat 

by the Detroit Chapter in initiating extension meetings. The need for 

; he ding society meetings at Ann Arbor was sensed by Dr, A, E, White and 

other Ann Arbor members who put the matter before the Detroit Executive 
Committee. After some consideration the idea was brought forth by ‘* Bob’’ 


\tkinson, that the Detroit Chapter might sponsor extension meetings at Ann 


es \rbor and other places. These meetings should not interfere with the regular 


} 
laraness 


Detroit schedule of meetings, but should serve and stimulate membership in 
the outlying districts. After some discussion this idea was accepted and a 
series of four meetings for the year planned for Ann Arbor. The first of these 
meetings was held April 29th and proved that there is a great deal of in 
erest in the vicinity of Ann Arbor. Over 100 men turned out for this meet 
ug, of which about 15 were from Detroit, the remainder being composed of 
men from Jackson, Lansing and Ann Arbor. 

Dr. A. E. White opened the meeting with a short introductory talk. 
or the benefit of the large number present who were not members, he out 
lined the history of the society and the service rendered by it. 

The principal speaker of this meeting was R. 8S. Archer of the Aluminum 
Company of America, who spoke on ‘‘ Recent Developments in the Hardening 
of Metals. ’’ 


Mr, Archer gave a very concise and clear explanation of the slip inter 


is ference theory of hardening. According to Mr. Archer, relative hardness is 


caused by particles which interfere with the potential planes of slip of the 
crystals of alloys. There is a critical size of particle which produces a maxi 
mum hardness for a given alloy by offering interference to the maximum 
umber of planes of slip. If this alloy is heated these particles coalesce, 
resulting in larger and fewer particles and corresponding decrease in inter 
ference to the slip in the crystals, and consequently decrease in hardness. 


Mr. Archer used the theory to account for the hardening of aluminum alloys 


retatior y quenching and by subsequent aging. He further applied his theory to 
explain the hardness of steel, as well as the alloys of copper-iron, copper-zine, 
er cent 


mpoun 
tion 


s whi 


graine a 


naterial 


it 


hat tl 


lead-antimony, iron-tungsten, and iron-molybdenum. The latter two alloys 
ire examples of hardening iron without the introduction of carbon and in 
Which allotropy plays no part. 

\fter the meeting lunch was served to give an opportunity for dis 
ission and visiting. ' W. BE. Jominy. 


, The annual spring meeting of the Detroit Chapter of the American Society 

Steel Treating was held at the Michigan Union in Ann Arbor, Michigan, 
n May 22, 1926. After the announcement of the names of the newly elected 
theers of the chapter for next year and the treasurer’s report, Chairman 
Valkins turned the meeting over to Dr. A. E. White, who introduced the 
speaker of the evening, C. F. Kettering of the General Motors Company. Mr. 


\ettering’s paper will be published in a later issue of TRANSACTIONS. 
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GOLDEN GATE CHAPTER 


The following is a report of the Golden Gate Chapter meeting 
February 10, which has been delayed in publication, due to the fact 
original copy of the report was lost in the mails. A copy of th 
report was supplied by the secretary, G. Hanson Grubb. 

The February meeting of the Golden Gate Chapter, held Wednesd 
ing, February 10, was a most unqualified success. It was in the form of 


to the Pittsburg plant of the Columbia Steel Corporation, which is 


ad Ty] 


some forty miles from San Francisco. We had a special train of three cars a, 
took up one hundred thirty-seven members and guests. 

On the train the party was divided into groups of five, each individ 
being tagged and notified that he was one of a small party to be in ch 
of a guide during the evening. On arrival at Pittsburg, we were met by | 
executive of the plant and taken at once to the Hotel Los Medanos for diy, 
A number of other members who had driven up in automobiles joined 
this point and dinner was immediately served. 

Our chairman, F. B. Drake, opened the meeting at once, with a: 
planation of the purpose of the trip and tribute to the courtesy of the ( 
Steel Corporation in making possible this plant visit, and introduced N 
Becker, general superintendent of the plant. Mr. Becker responded fw: 
Columbia organization, welcoming the visitors and giving a short histor) 
the Columbia organization and development. He then introduced the variou 
officers of the plant, who were to act as guides during the evening, and 


A 


sented his assistant superintendent, Mr. Cohn, who was directly in charg 
the arrangements. 

For the benefit of strangers and guests of members, who were present, 
Drake gave in a few words, the history of the organization since the formati 
of Golden Gate chapter, and described the educational work that is in progres: 
both through monthly meetings and through our course in ferrous metallurg 
He concluded by introducing the various officers of the chapter who w 
present. Among these were A. N. Armitage, metallurgist of the Colum! 
Steel Corporation, and member of the executive committee of the chapte: 
whose initiative the chapter owes its organization, and who had devoted 
time to the arrangements for this trip. He also introduced Fred Wight, 


other member of the executive committee, of the U. S. Steel Products Co 


poration, as in general charge of the trip on the part of the chapter. tlie! 


members of the executive committee and officers present were also introd 
to the gathering. 


Immediately after dinner, the visitors were taken by busses to the plan! 


and segregated into the previously arranged groups of five, each in charg 
an Official. With those who had driven directly to Pittsburg by automobil 


the total number of visitors, entirely excluding Columbia members, was ol 
hundred sixty, a record crowd for any event since the organization of Golde! 


Gate chapter. 


The parties were first taken to the open hearth department. ‘The stee! 


made here is from scrap and pig iron produced by the company’s own Dias! 
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n Utah, where they also have iron mines, coal mines, and coke ovens. 
e open hearth plant eonsists of two 60-ton basic, two 20-ton basic, and 

4 ton acid furnace, producing an average of 9,000 tons per month, 
Ve then inspected the foundry, which is believed to be the largest steel 


west of the Rocky Mountains, and produces mild and alloy basie 





ee orm earth castings from 2 to 80,000 pounds each, with a capacity of a thou 
of at tons per month, 
oe Passing through the power plant and the first aid hospital, and through 
ry nachine shop, we arrived at the rolling mill department, and first inspected 
i8-inch roughing mill, which has a capacity of 9,300 tons per month, This 
individ sroduces billets for the merchant and rod mills and sheet bar for the sheet 
7m ie mill. Then past the 12-inch merchant mill to the rod mill, where they were 
te ae ling a 2% x 2%4-ineh billet into No. 5 rod. The capacity of this mill is 
— 300 tons per month, The lights were turned out to show the dramatic effect 
7 bs f the red hot rod moving through the darkness. 

[fhe wire mill department was next, where we saw a number of different 
et on kinds of wire being cold drawn. In addition to the ordinary kinds of wire, this 
on , produces galvanized, barbed, and copper, and has a capacity of 3,000 tons 
ed N per month, 

d for a The nail mill was next on our route, operating 54 nail machines, producing 
Listory sizes from 2-penny to 7-ineh spikes. 
Ss eile The final unit was the sheet mill, which produces the various types of 
ai sheet, and was the first sheet mill to operate west of the Mississippi River. 
ehat al lt handles sizes ranging from 14 to 30 gage, with a capacity of 2,500 tons 
per month. A box was drawn from one of the annealing furnaces for the 
iene benefit of the visitors. 
Recuaatt This Pittsburg plant employs approximately 1150 men. Ineluding the 
progres al mine, iron mines, coke ovens, blast furnace in Utah, and the open hearth 
ae ind electric furnaces, steel foundry and rolling mill in Los Angeles County, 
— E ind the electric furnace and steel foundry in Portland, Oregon, the organ 
Colun ation employs a total of 2,500 men. 
a By this time we had been in the plant over two and a half hours and 
eas i / had visited every important section, although, of course, a much greater length 
Vight ; of time for inspection would have been appreciated by the members. Our 
ed Cae train was waiting for us, and we left Pittsburg at 10:55 p. m., arriving in 
i Clie San Francisco shortly after midnight. 
oa | This has been a noteworthy occasion in the history of Golden Gate chapter, 
not only on account of the largest crowd that we have ever handled, but from 
i wlenl F the great interest displayed by the members and their friends in the privilege 
~—- ‘ inspecting the largest steel plant on the Pacific coast. D. Hanson Grubb. 
utomot — 
» Was om , The fifteen weeks’ Course on Ferrous Metallurgy which was sponsored by 
= wee Golden Gate Chapter has just been completed with an extremely good at- 
tendance and with universal expressions of satisfaction on the part of the 
he steel members of the class. The committee in charge, consisting of C. S. Moody, 
own bias 


r 


airman, H. 8. Taylor, and E. H. Kottnauer, have given very generously of 





ielr time and effort and the result has surpassed the most sanguine expecta- 
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tions. The course proper ended with the session of Monday evening, 4 


but a supplementary meeting was held May 3, for the purpose of acc: 
ing several desired results. 


‘ 


In the first place a question box was held anq. 
number of puzzling points cleared up to the satisfaction of the st 
Secondly, a written quiz arranged in the form for a positive or 1 
answer and covering the whole course, was given 






Third, an unsigned ex), 
sion of opinion on the best and least attractive points of the course, and sy 
gestions as to future work of the same kind. This last query showed 4 » 


markable unanimity of opinion in praising the work of the instructors 














Some of the members of this class came regularly to meetings in (q\ 
land or San Francisco from plants located forty miles away from the ¢/; 
room or laboratory, as the case might be, and the members of the class wer 
drawn not only from San Francisco and Oakland, but from Berkeley, k 
mond, Pittsburgh, San Leandro, Mare Island Navy Yard, and last, but 
least, San Carlos. 

At the end of the evening, the class took charge and informed th 
structors that in view of its desire to show its appreciation of the work that 
had been done, it wished to have these gentlemen as guests for dinner. 1! 
was accordingly held on Monday evening, May 10, at the Fior d’Italia Caf 
in Oakland, and was well attended. The following program will 
idea of the spirit of fun that reigned. 


give SO! 









SPECIAL MEETING 















Purpose: Special meeting called for Monday, May 10, by members ot 
the steel treaters class to put to a practical test the gastric capacities of 
extremely capable and venerable instructors. 

Cause: A desire of the above mentioned members to express their appr 
ciation for the able efforts of the above mentioned instructors. 

Anticipated Effect: To augment the friendly relations that have existed 
throughout the course and to create garlic breaths which may require that t! 
remainder of the night be spent in the basement or the garage. 

Desired Net Result: 
‘Tuesday A. M. 






An entirely normalized condition not later t! 


Lila 












AN OUTLINE OF THE COURSES 





Preheater for cast iron stomachs. 
Q (queer) alloy garnished with unprecipitated pig with slag and other foreig 
inclusions 
Mineed eutectics cased in a white, low carbon, odorless, tasteless, amorphous 
pulverulent, homogenous compound insoluble in water, alcoliol 
(including red eye) and other fluids including pancreatic 
juice obtained from behind the peritoneum. 
An air toughened, fatigue resisting substance. 
bone charcoal, 
Gobs of Enduro drawn back in oil for toughness. 
Case hardened butts, decarbonized tips, drawn in butter. 
Low melting alloy. 


By products used for 
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Special quenching solutions to make high speed steel treaters tough. 


Garlinger presided, in view of his size and it being necessary to 
the funetion of chairman and sergeant at arms at one and the same 
beceei He was ably assisted by 8S. R. Thurston and L. M. Osborn. 
Incidentally, a very thorough questionnaire was given to the instructors 
chose answers were unanimously credited as minus 90. 
Our esteemed member, ‘‘ Barney’’ Google, gave a mathematical demonstra 
fon that was one of the high points of the evening’s amusement. The meet 


ne closed with songs in honor of the instructors. D. Hanson Grubb. 


The annual business meeting of the Golden Gate Chapter, A. S. S. T., held 
» May 12, at the Hotel White Cotton, Berkeley. In the absence of the chair 
man, Frank B. Drake, who is on a visit East, the meeting was presided over 
hy Fred L. Wight and, promptly at the end of dinner, was opened by a roll 

Mr. Wight then called upon Mr. Moody, chairman of the educational 
ommittee, for a report of the course in Ferreous Metallurgy just completed. 
\Ir. Moody was able to give a very satisfactory account of this fifteen weeks’ 
vork, both from the standpoint of attendance and of results accomplished, and 
f the most excellent spirit of thoughtfulness and co operation shown by the 
students. S. R. Thurston then described the dinner held on Monday, the 10th, 
civen by the students in honor of the instructors of the course, as a mark of 

ir appreciation, and a final wind-up before disbanding. 

The report of the nominating committee followed. J. 8S. Fowler, chair 
min, read a letter from our national president, R. M. Bird, with a number of 
ustructive suggestions, many of which applied directly to the choice of names 
is worked out by the nominating committee. Full weight had naturally to be 
given to many vital factors. Practical men in daily contact with heat treat 
gy problems are as necessary as technical men whose experience is in both 
op and laboratory. Executives are needed for organization problems and 
the publicity given by the prestige of their positions to aid in the aecom 
plishment of our plans. The necessary element of contact is supplied by 
ilesmen, who are one of the best sources of new members and of publicity. 
Furthermore, our chapter has received such cordial backing by a number of 
sustaining members, that recognition must be given to them as fully as pos 


} 


sible, and, finally, the candidates have been picked with careful thought of 
ur plans for the future, at present still in a nebulous condition but slowly 
working toward a definite scheme. 


The slate presented follows: 


(Chairman ..............Frank B. Drake, President Johnson Gear Co. 
Vice-Chairman ..........Welton J. Crook, Associate Professor Stanford 


University, and Consulting Metallurgist Pacific 
Coast Steel Co. 
Secretary ..............€. R. Owens, Industrial Heating Specialist, 
General Electric Company. 
Executive Committee 
S. C. Alexander, Asst. Purchasing Agent, Cal.-Hawaiian Sugar Ref. Corp. 
Wm, Cohn, Asst. Gen. Supt., Columbia Steel Corp. 
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Harold E. Gray, Bethlehem Steel Co. 
J. H. Gumz, Industrial Engineer, Pacifie Gas and Electrie Co, 
Cecil Hawley, Superintendent, American Forge Co. 


Kk. H. Kottnauer, Metallurgist. 





A. Naish, Heat Treat Foreman, Caterpillar Tractor Co. 
red L. Wight, U. S. Steel Products. 









J. H. Wilson, General Manager, Pacifie Sheet Steel Co. 
Roy T. Wise, General Manager, Standard Die and Tool Co, 
It was moved, seconded, and carried that the ticket as pr 


unanimously approved. Most of the eandidates being present, they 







dividually introduced. It was a real satisfaction to all the members 


that we had Mr. Drake again at the helm for another year, notwit 






his multifarious other duties, and an even more successful year 
forward to on that aceount alone. 

The speaker of the evening needed no introduction. Fred Pell 
EK. F. Houghton Co., gave an illustrated talk on ‘‘CYANIDING AND @) 
CARBURIZING’’ which was followed by an animated and 











inte re 
cussion. 


Most of us have come to look upon an election as rather a hor 
our past experience with other organizations, but it seems as thoug! 


nights with Golden Gate Chapter are unusually full of fun. D. Hanson G 





HARTFORD CHAPTER 
the Hartford Chapter was held Tuesday 
May 11, 1926, in the Assembly Hall of the Hartford Electrie Light Com, 


The speaker for the evening was G. E. Harcke, director of the Aireo b; 























The May meeting of 


ville Welding Institute, who gave a very interesting and instructiv 
oxyacetylene welding and cutting. Mr. Harcke also gave a demonst: 
liquid oxygen, showing by immersing various common articles the nm 
stantaneous freezing effect of this liquid. 

The motion picture film, ‘‘Oxygen—The Wonder Worker,’’ wa 
illustrating how oxygen is extracted from the air, how acetylene is ma 
how both gases are used by large manufacturers in mechanically cutting 
cate shapes very rapidly and in automatically welding production parts 

The annual election of officers for the following year was held, 
sulted as follows: 

Chairman, Dr. Raymond W. Woodward, The Stanley P. Rockwell Com 

Vice-Chairman, D. A. Nemser, Pratt & Whitney Company. 

Secretary-Treasurer, Henry I. Moore, The Firth-Sterling Steel Co: 

Executive Committee: Edgar D. Lambert, Underwood Typewriter ‘ 
Henry J. Fishbeck, Pratt & Whitney Co.; Stanley P. Rockwell, The 5 
P. Rockwell Co.; Albert Vuilleumier, New Departure Mfg. Co.; R. I. VY. > 
ton, Pratt & Whitney Co. 

The executive committee will later be enlarged by the election of 


members by the above officers. 










LEHIGH VALLEY CHAPTER 


Merica, director of research, 















Dr. Paul D. 





International Nickel ‘ 
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York City, gave a talk on ‘* Nickel in Cast 
of Lehigh Valley Chapter held on May 


follows: 


lron’’ at the meeting of 


te \ short abstract of 


is no question of the fact that iron foundries are loday alive to 


sity as well as to the possibilities of improving gray iron, The use 


ectriec furnace, the development of such a product us the so-called 


iron’’ and the use of alloys, particularly nickel and chromium, 
uuntry are evidences of that fact. 


Nickel, when added to gray iron, exercises a number of interesting and 


elfeets, such as refining the grain, Increasing the hardness, decreasing 
ete., but if there is uny one thing that distinguishes it from the 
of other elements upon gray iron as well as from other methods of im 
it, if is that by its use the hardness and Strength of pray iron many 
reased with a simultaneous decrease of chilling tendency as well as 


bined carbon. It is well known that the ordinary methods of in 


ny strength and hardness of cast iron produce an increase in the Chilling 
\ND Gis 4 udency of the iron, as well as its combined carbon, leading ultimately to 
lwulties in machining, This peculiar combination of effects caused by the 
duction Of nickel means in practice that very much higher values of 
hinable hardness’’ can be obtained by the use of nickel than, as far as ie 
by other means. 


the use of chromium in conjunetion with nickel is recommended for a 


many applications, Although chromium functions in iron in quite a 
erent manner than nickel, the two effects supplement each 
es es Very nicely and produce effects which in some 


» Be f either alone, 


other in many 
eases are superior to those 
The industrial application of nickel in gray iron is of comparatively 
oo . : ecent origin, dating back perhaps to 1918, but is continually pgrowing, the 
greater machinable hardness o1 


as automobile cylinders, cams, yeurs, ete,, 


rincipal applications being those in Which 
trenyth is required, such or in 
. hich additional toughness and freedom from fragility is necessary: for 
; d 


lple, in thin section resistance grids, 


: } LOS ANGELES CHAPTER 


\ special meeting of the Los Angeles Chapter of the American Society 
Steel Treating was held in the banquet rooms of the L. A. Creamery, 
lay 7, 1926, at which thirty-eight members and friends were present, 
aan \fter the dinner various committee reports were read and much interest 


in a letter received from Prof. Clapp, M. E. of the 
: ‘listitute of Technology, regarding a Practical Course in 
‘eat Treating which he would sponsor. Favorable action 


hnantear { 


ple lo assist Prof. Clapp in 


taken California 


Metallurgy and 


was taken by the 

getting this course started for members of 
chapter, 

lhe speaker of the evening, Mr, Pafenbach, metallurgist for the Simons 

Knife Company, was then introduced, Mr. Pafenbach 

‘* High Speed Steel,’’ and } 


K proved to be 


~ \ 
a 


chose as his 
i@, being an authority on the subject, his 


be one of the most interesting the chapter had heard for 


, 3 vile Tim A very interesting discussion followed his remarks. Being so 
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far west, it is a rare treat to have such men as Mr. Pafenbach ( 
us and give our chapter a talk while they are out here on a hurrie 
trip. We hope more of the large Eastern manufacturers will con 
while their representatives are here in the west. 

The regular monthly meeting of the chapter was held in t ’ 
Creamery banquet rooms at 6:30 p. m., May 20, 1926. This was 
meeting of our local chapter and the local chapter of the American \\, 
Society. Dinner was served to fifty-six members of both societies prey 
A short business meeting preceded the regular program. 

L. G. Hicks of the Standard Oil Company, chairman of the local ¢ 
ter of the Welding Society, spoke briefly regarding the activities «) 
of their organization and then introduced Mr. Stoody of the Stoody \ 
facturing Company, inventor of the Stoody Welding Rod. Mr. Stood 
on the ‘‘ Welding of Heat Treated Parts and Heat Treatment of W, 
*arts.’’ He also spoke briefly of his experience regarding the welding 
cast iron, 

Kk. J. Cipperley of the General Electrie Company put on a film entit) 
the ‘* Wizardry of Wireless,’’ which proved to be very interesting. 

Loui Ardouin, secretary of the local chapter of the welding socic 
together with William Farrar and James Barton, entertained all present wit 
a 2-act comedy, entitled, ‘‘ Putting Over a Sale,’’ which went ove 
bang! The meeting adjourned at 10:30 p. m. E. C. Bla 









NEW HAVEN CHAPTER 

The regular monthly meeting of the New Haven Chapter was held on t 
evening of the 24th of May at the Hammond Laboratory of Yale Universit) 

A dinner was served at the Hotel Bishop at 6:30 p. m., which was 
attended, During the dinner, the usual witty remarks were passed and A 
d’Areambal told us of a mew cat at his house by the name of Sultan. U! 
course, the name“is characteristic, so if you have a cat and want a good | 
for it, ask Dare and he will tell you the rest. 

Promptly at 8:00 o’clock, Chairman Brooks called the meeting to ori 
and proceeded with the business of the meeting. W. H. Duley, chairma: 
the nominating Committee, read the list of officers as selected by the committe 
and after a short discussion, the following were unanimously elected and 
be installed into office at the June meeting. 

Chairman—C, J. Sauer, Bridgeport 

Vice-Chairman—W, P. Eddy, Jr., New Haven 

Secretary—F. E. Stockwell, New Haven 

Treasurer—W. G. Aurand, Wallingford 

Executive—J. Brooks, East Haven; L. W. Burns, Bridgeport; W. © 

Duley, New Haven; R. G. Hall, Wallingford; H. G. Keshia! 
Waterbury; R. 8. Young, Shelton. 

Following the business meeting the chairman introduced the first speake! 
of the evening, W. P. Kirk, general sales manager of the Pratt and Wiluthe) 
Company. Mr. Kirk, who is familiar with the business trends of macii 





tools, gave a very interesting talk accompanied by slides which showed 
actual developments of machinery for the past fifty years. 
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wing this, A. H. d’Arcambal, consulting metallurgist of the Pratt 
since ‘yd Whitney Company, who is more familiar with the metallurgical end, de 
: i the way alloy steels have been used to solve these problems. 
lhe two speakers very ably covered the field and a very interesting dis 
esion followed which lasted until 11:30 p. m, 

‘he meeting was well attended and we were indeed gratified to see some 

n Weldi new faces in our midst. 
esent rhe annual dinner of the New Haven Chapter will be held at Savin Rock, 
Mridavy, June 18. If you have never attended an annual dinner at New Haven, 


, have missed something, so plan to be on hand this year. W. G@. Aurand., 


x a NEW YORK CHAPTER 


Ody spok The last meeting of the 1925-26 year for the New York Chapter was hela 
yf W, ‘n the rooms of the Merchants’ Association, Woolworth Bldg., Wednesday 
weldir evening, May 19. 


The tellers, after canvassing the ballots, reported the following gentlemen 


m entith is having been elected as officers for the year 1926-27: 
For Chairman: Ancel St. John, Consulting Engineer. 
iw soviet For Vice-Chairman: Charles McKnight, Jr., International Nickel Co. 
‘esent wit For Secretary-Treasurer: T. N. Holden, Jr., E. W. Bliss Co. 
er wit! Executive Committee: 
Bla ; Edgar C, Bain, Carbide and Carbon Laboratories 


Kk. P. Gaffney, Crucible Steel Co. of America 
J. J. Crowe, Air Reduction Sales Co. 
eld on t R. L. Johnston, Aluminum Die Castings Co. 


Francis F. Lucas, Western Electrie Co. 


h was Charles von Schlutter, Firth-Sterling Steel Co. 

and A John O. Rinek, Crucible Steel Co. of America 

ultan, Ot \s a fitting climax of a well-arranged series of meetings on the manu 

good ! © facture and uses of fine steels, J. L. MeCloud from the Central Metallurgical 
Laboratory of the Ford Motor Company at Dearborn, Mich., discussed ‘‘ Steel 

g to ord ; Selection for Automotive Work.’’ Unfortunately, the sudden warm spe!!l 

hairmal 


reduced the attendance somewhat below the average, but every person present 


committe was keenly interested in the paper, and many joined in an extended discus- 


“d and Wi sion following it. 

Mr. MeCloud’s paper was so replete with intimate detail, that it is almost 
impossible to abstract. Furthermore, it is of such value that it will un 
doubtedly be used before other chapters and eventually will find its way en 

lire into the ‘*TRANSAcTIONS’’. Mr. MeCloud confessed that although he 
las been very active in the Steel Treaters’ Society, he has never since the first 
general meeting at Philadelphia, presented a formal paper before any group. 
In view of his excellent address, the New York Chapter feels proud of its 
oft-demonstrated ability to dig up unusually good speakers on little dis 
rst speaker s cussed phases of the subject. Not that the selection of steel for automotive 


1d Whitne) work has never before been described before steel treaters, but seldom before 
of machin } With this background of a wealth of experience and applications to light auto- 
showed the mobile 


8, heavy expensive cars, tractors, railroad rolling stock and aircraft. 


it is especially worthy of note that the tendency of the Ford organiza 
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tion is to heat-treat straight carbon steels and to 











analyses have been recommended and used elsewhere. 



























































was discovered had been heated for straightening or 











steel side rods were removed from the engines. 

















American railway engineers. 






























including Bausch & Lomb and Leitz metallurgical 





























steel treatment were shown, 























teachers, managers and executives. 








rely very largely upon 


PHILADELPHIA CHAPTER 


The cooperative evening course in Heat Treatment and Metallogra; 


microscopes ; 


This season marked the introduction of the advanced class, cons 


chromium steels for most of the applications to which a wide \ 


This practic 


sible to the Ford Motor Company with their ability to purchase in larg 
tity, to segregate the shipments closely by heat analyses, and their 
and automatic control of the various hardening-room operations. 

Mr. MeCloud deseribed briefly two or three interesting applicat 
heat-treated steel to locomotives operating on the Detroit, Toledo & | 
Railroad. They are especially gratified by the performance of heat 
alloy steel forgings for connecting rods and side rods on the main 4d: 

In this connection, it may be remembered that one of the larg: 
railway systems equipped a number of railroads with heat-treated al! 
rods, and issued the most rigid instructions that repairs on such rods 
be made only in one shop where they had the necessary personnel and 
for reheat-treatment. However, this rule was impossible to enforce 
serious accidents were narrowly averted from broken rods, each of 
for some other p 


at an outlying repair shop. For this reason it was reported that 
Perhaps the discipline of Mr. Ford’s railroad is better than on the 


engine repairs to shops properly equipped to handle alloy steels. At ar 


this particular development will unquestionably be watched with int: 


E. E. 7 it 


Chapter American Society for Steel Treating, closed its fifth session 
exhibit of the laboratory and students’ work, on the evenings of May 
27. There was a capacity attendance of visitors both evenings. 


The complete laboratory equipment was demonstrated by the st 


Northrup, Brown, Thwing, Wilson-Maeulen and Republic pyrometers; 
Brinell, Shore scleroscope and Rockwell hardness testers; Leeds & N: 
and Hevi-Duty electric furnaces; American Gas Furnace Co. furnaces f 
bon and high speed steel; carburizing machine; pots for lead or salt 
bench forges; dark room; Warner & Swasey polishing machine, etc. 


Reports by the students covering investigations of practical prob! 


The enrollment has grown from 13 in the first year, to 70 in the 
year, a total of 203 students having attended during the five year 
student, Howard Paget, came from California to attend the class. \« 
of them are employed with leading industries in the Philadelphia dist: 


The students are of all ages and occupations, including heat-t 





English system referred to, and perhaps Mr. Ford will be able to confi 


\ 





Steel, conducted at Temple University under the auspices of the Philad 


machinists, inspectors, clerks, foremen, salesmen, purchasing agents, eng 
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on a , have completed the first year’s work, or who have had equivalent 
\ training or experience elsewhere. 
Ice is pos rhe course consists of a series of 30 lectures and 30 laboratory periods, 
al vinning in Oetober and ending in May. The lectures cover the fundamental 
ir li ‘nles of the subject from the manufacture of steel to the treatment and 
testing of the finished tool or article of manufacture. In the laboratory the 
students learn the use of the equipment used in steel treating and testing, and 
& ny the principles covered in the lectures. A special text has been written 
va for t eourse. 
arivers In addition to the director, there are four laboratory instructors, and 
ge Eng » special lecturers, including Prof. Bradley Stoughton, Dr. Geo. L. Kelley, 
alloy sts > pr. W. M. Mitchell, J. J. Crowe, Arthur Green, D. K. Bullens, A. L. Collins, 
ds were t |. E, Chapin, Theo. Wiedemann, and Dr. H. F Moore. All of the teaching staff 
id re members of the Society, and are actively engaged in some phase of stecl 
9 treating. 
f wi The course is self-supporting, but is not run for profit. Its success is a 
‘ table example of the results of wholehearted cooperation in education and 
t ndustry. H. C. Knerr. 
PITTSBURGH CHAPTER 
: At a specially called meeting, held on the evening of April 15, the 
: i ee > Pittsburgh Chapter met at the Carnegie Institute of Technology to hear F. 
“—- ; F. Lueas of the Bell Telephone Research Laboratories. 
a “le \ir. Lueas’s talk was indeed a treat, especially to the metallographers. 
In his opening remarks he told of the work of E. Hooke of England, 
was done about three hundred years ago and which could not help but 
ovral , S induce admiration when the crude instruments and equipment used, were 
hilad a F described, 
—— Mr. Lueas then gave a detailed description of his laboratory and _ its 
——" equipment. In telling of the preparation of the specimens for the micro 


1 


ype he advised the use of magnesium oxide free of carbonates on a wheel 
itis overed with broadeloth for the final polishing. The grade or brand of broad 
oth used is called ‘‘ Kitten’s Ear.’’ 


aia e “Ole This was followed by a description with pictures of the crystallization 
& North of iron and photomicrographs at high magnification with different etchings. 
=< \ustenite, martensite, troostite, sorbite and pearlite were illustrated and 
sat athe weompanied by remarks as to their probable formation. An interesting nota 
: tion at this point was that martensite needles never cross a grain boundary 
prot or a twinning plane, 

Mr. Lueas told of his experience with the ultra violet ray equipment 
a ich he has been pioneering. The difficulties of operation and how they 
ies Ons vere overcome were enumerated and photomicrographs made by this method 
NY, re shown, 
Aictrict \t the conelusion of this talk the speaker was asked many questions 
ee de pertaining to metallography which aroused considerable interest. 
» engineers Harry A. Neeb, Jr. 


RHODE ISLAND CHAPTER 


the evening of February 24, 1926, the Rhode Island Chapter, American 
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Society for Steel Treating and the local section of American § 
Mechanical Engineers held a joint meeting at the Providence En; 
Society Rooms at which 8. Fitzsimmons presided. 

Peculiarly fitted to the appetite of a mixed group such as was py) 
this meeting, the caterers on the program committee had as the 
resistance’’ of the menu, ‘‘ The Story of a Bar of Tool Steel.’’ 

Through the medium of a splendid series of motion pictures, the assem| 
was transported to Bethlehem, Pennsylvania, and under the able guidance 
G. A. Richardson, publicity manager for the Bethlehem Steel Company, 
allowed the privilege of making a tour of inspection of the various departme, 
of the vast plant, devoted to the making of tool steel. 

Beginning with the new materials the audience was shown how the vari 
ingredients, composing the heat, were carefully weighed and at the proper ti 
added to the electric furnace. At various intervals during the heat samples 
were taken for inspection, and indeed, throughout the whole process the num! 
and kinds of inspections and tests made were a revelation to a 
present. 


great mar 


During the melting down period, Mr. Richardson gave a very « 
deseription of the chemistry of the process. 


MeN 


When the melting down had been completed, we were shown ho 
molten steel was teemed into the ingot molds and from the ingot, throug 
various mechanical processes of forging, rolling, etc., thence to the annealing 
through the many and various inspections and finally to the shipping platfor 
of the mill. 

All through the numerous reels, the pictures were made doubly interesting 
by Mr. Richardson’s explanation, bringing out as he did, the most interesting 
features of the pictures. 

As an extra treat, a visit was made to the laboratories of the company 
there we found chemical and physical testing applied to the nth power, 
we saw routine chemical and physical tests familiar to most of us, other 
familiar tests read about by some of us and still other tests not heard about 
by any of us. 

But we do believe that as a result of the pictures and Mr. Richardso. 
discourse, the majority of those present will have a little more respect fo 
that unromantiec looking bar of steel that comes into the plant, giving no elu 
by its appearance, of the great amount of care expended in its behalf, all thi 
way from the raw materials to the mill shipping platform. £. J. Sulliva 


4 





ST. LOUIS CHAPTER 


The 58th monthly meeting of the St. Louis Chapter was held on Friaa 


evening, May 21, at the American Annex Hotel. A good crowd was on han 


to hear C. P. Richter, metallurgical engineer of the Central Steel Co., Mas 
sillon, Ohio. The subject of Mr. Richter’s address was ‘‘ Factors (Govern 
ing the Selection of an Alloy Steel.’’ It was well illustrated with « nun 
ber of most interesting lantern slides. 

Mr. Richter’s talk appealed to the interested listeners as something the) 


all wanted to know; in clear, plain language the address seemed to reat! 
every one and clear up some of the doubts concerning the nature of the man) 
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oye and combinations of alloys met with in general use today. Mr. Richter 
ed how some alloys come to the front and, as knowledge widens, are 
R superseded by still others. 

- Hirst of all the chief combinations of alloys were enumerated, each com 
bination having qualities for certain purposes. It is well known that nickel 
educes scale, that chromium adds hardness, that vanadium is a cleanser and 
adds toughness, that tungsten gives the quality of red hardness. Of all the 
rious combination of alloys, chromium-vanadium is the most generally used. 
\lr. Richter divided the alloys up into various types, such as carburizing types, 


forging types, gear steels, etc. For the carburizing types, carbon and nickel 


partmet steels are used; forging steels are both water’ hardening and oil harden 
‘inv, chromium-vanadium steel quenched in a salt bath is satisfactory for 
he g ee 
Pears, 
roper | Of the newer combinations, nickel-molybdenum is coming into its own. 
it samples The main point that struck the members was the bright future of alloy steel, 
he nun the endless possibilities, the great progress in the last ten years. Alloys are 
reat n tools in the engineer’s and metallurgist’s hands that can be used to tackle 
each engineering difficulty as it comes along. 
ry coneis At the annual election of officers the following were elected to serve 
in 1926-1927: 
1 ho Chairman, C. B. Swander, Wagner Eleciric Corporation. 
rough t Vice-Chairman, J. J. Bowden, Laclede Steel Company. 
annealing Secretary-Treasurer, C. G. Werscheid, Crucible Steel Company. 
y platl A hearty vote of thanks was given Mr. Richter for his excellent address, 
ind the meeting adjourned. Alan Jackman, 
interesting ; 
interesting j WASHINGTON CHAPTER 
. At the last monthly meeting of the 1925-1926 season, on May 21, the 
npany ai ‘ membership instructed the secretary to cast a unanimous ballot in favor of 
power, { . the officers selected by the nominating committee, to serve for the ensuing 
other m : vear. The officers so chosen are as follows: 
eard about Chairman, O. Z. Klopsch. 
Vice-Chairman, Emil Gathmann. 
chardson's Secretary-Treasurer, G. W. Quick. 
espect for Chairman Meeting Committee, Samuel Epstein. 
ng no clue, Members Executive Committee: P. E. McKinney, J. E. Crown, Jerome 
alf, all th » Strauss, J. W. Barnett, and G. M. Nauss. 
Sulliva ollowing this election, Dr. H. W. Gillett presented an illustrated talk on 


t) 


le subject of ‘‘The Behaviour of Steel Under Repeated Stress.’’ Enough 
knoWledge is available concerning the static properties of metals so that 
modern structures do not fail for lack of strength as a result of the appli- 
cation of slowly applied loads. Those unexpected failures that do oceur can 


on Frida 


as on hand 


Co., Mas be ascribed to either corrosion or wear or fatigue or a combination of these 
rs Govern auses; of these failures the greater number are the result of the effects of 
ith a nun uternations of stress. Since only an extremely small percentage of finished 

» parts of a given type fail as a result of fatigue, it appears that designe are 
thing the} » generally suited to the purposes to which they are applied, and inquiries have 
d to rea therefore been directed to why the small percentage should fail. Dr. Gillett 


f the many 
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took occasion to strike again at that old idea of many members of t 


neering profession that breakages of this type are due to ‘‘ erystalliz 


That metals are naturally crystalline has not been fully understood 


profession and they refrain from attaching any significance to the o« 
in a member containing a fracture by fatigue with no deformation, 


Silk 













surfaces on subsequent rupture accompanied by much deformation. sin 

Most fatigue failures originate at the surface of steel parts due to ; ste 
greater number being subjected to repeated bending stress; with such y “ 
the maximum unit stress is at the surface. Some failures of the progress ut) 
type have their origin within the metal mass, a notable example being trays _ 
verse fissures in rails; it is not, however, generally agreed that these fractures soo 
are the result of fatigue. In any case, the origin of the fatigue failure jg B may > 
a notch of some type crossing the line of applied stress and thereby int; one 
ducing severe stress concentration; this origin may be a nick, a too! mark . 
a sharp fillet, a non-metallic inelusion, ete. _ 
In reviewing the history of the study of fatigue it appears that « Sows 
workers did not appreciate the existence of an endurance limit or stress be! eee 
which no number of load applications will cause failure. Recent work Bis 
definitely proved the existence of such a stress in steels but not positively ry 
the non-ferrous metals. It is important to note that very little work : . a 
naur 


been carried beyond a billion cycles of stress and that many parts, parti 


turbine shafts, have an actual life exceeding this. 





















In referring to experimental details in the determination of thi - 

haviour of metals when subject to alternating stress, Dr. Gillett remark | 

that the speed of testing up to 2,000 cycles per minute had been found = 

to affect the results. In very soft steels the endurance limit would usualls te 

found at 20 million cycles or less and in the harder structural steels frequent!) —s 

as low as % million cycles. The results obtained by plotting the data bp 

simple Cartesian coordinates and on a logarithmic or semi-logarithmic s _— 

were discussed and the advantages of the logarithmic method explain te 

Theoretically some question arises as to whether the logarithmic curve a 

S-N diagram) beyond the endurance limit is actually horizontal or dips ee 

slightly. Any inclination, if present, cannot be great, and there is, there! sail 

at least an ‘‘ engineering endurance limit.’’ a 
In all of the work thus far recorded there will be found some results 

which are below the curve for any given material, and thus one may say that og 

there are two endurance limits, one for each material taken as a whole, au an 

another for each individual specimen. A wide seatter of points has frequent ee 

occurred in materials which have been known to be ‘‘dirty.’’ ; . 

The number of cycles at which the endurance limit is generally foun wil 

has been previously noted. If endurance tests upon a series of iron alloys , ms 

of various strengths are plotted on the same coordinates, the curve connecting cg 

the ‘‘knees’’ of the various graphe is practically a straight line thus indicating e4 

a relationship between the strength or endurance limit of the steel and t ee 


number of cycles at which the endurance limit is found. It is also not 
worthy that the harder the steel the more marked is the bend in tlie >‘ 
curve. 
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ier investigations had all shown a difference in the endurance limit 


ling to whether it had been determined by axial tension and compres 
¢ y + pwwuUVe™ m 7 


by alternation of stress in bending, the former value being always 
ver In a recent series of very carefully conducted experiments, Irwin has 
chown that the values determined by the two methods are the same for any 


ea cteel, as indeed it would seem that it should be. It has, therefore, been 
E } . »poven that the earlier results were in error probably due to the great diffi- 

a ae jty in securing truly axial loading when dealing with stress alternating 
- ce , ‘rom tension to compression. Many engineering structures are no doubt 
co ee sybiect to uncertainties similar to those of the early tests as actual stresses 


y be quite different in both magnitude and direction from those determined 


“i ma’ 

“<i : | the usual engineering analysis. 

| yr. Gillett referred to determinations of the endurance limit of materials 
wee under conditions in which the mean stress of the range was not zero. Most 
that , ¢ the results obtained have not possessed a great degree of reliability but 
si recent work of MeAdam in torsion shows that the life of the specimen under 
a | viven stress range is the same regardless of the mean stress applied when 
7 + : that mean stress and the range of stress are such that the elastic limit, and 
: a ; n some cases the yield point, is not exceeded. It does not matter if the 
es : | endurance limit for stresses equally distributed about zero is exceeded by the 


stress used in any unbalanced cycle provided the condition previously noted 


{ +} | Ss adhered to. 


The ratio between endurance limit and tensile strength in steels up to 


ee ne about 175,000 pounds per square inch tensile strength averages 0.5, i. e. the 
is endurance range equals the tensile strength. Some values are obtained slightly 
a ale bove, some slightly below this average, but it affords at least a good first- 
See pproximation. This figure applies to both carbon and alloy steels so that 
ia : usofar as endurance limit is concerned, ‘‘steel is steel.’’ In general, fine 
Salita, vrained materials tend to give values slightly higher than the mean and coarse 
Saini grained materials slightly lower, but this is not true in every instance, The 
anaes § ratio of endurance limit to tensile strength appears to be quite accidental, for 
bh 10 relationship has thus far been found between endurance limit and any true 
ae physical property of the material. Above 175,000 pounds per square inch 
i ais tensile strength the trend is toward a decrease in the ratio. Most of the low 
Sit Nt values that have been found, however, are in the cerium-bearing steels, and 
ate ‘ these are not. only ‘‘dirty’’ but variably ‘‘dirty.’’ Unfortunately not much 
et vork has been done upon these harder structural steels so that statements 
; with regard to this ratio cannot be positive. Many attempts have been made 
ie teen to try to prove that in these ‘‘dirty’’ steels the origin of failure is an in- 
i idles ternal notch caused by an inclusion or group of inclusions, but definite proof 
Site caathine s lacking. In plates, transverse tests give lower values than do longitudinal 
ia Mieating tests with the difference being greater for the ‘‘dirty’’ steels. The lowering 
and thy { the ratio on the harder steels may be partly due to the greater effect of 
ii ah sons in these steels, but it is also due in greater measure to another feature 
QX Which is described later. 


it was shown that an increase in the endurance limit may result from the 
Lpheation of alternating stress slightly below the normal endurance limit 
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followed by an increase in the stress range; i. e. strengthening 
under-stressing. Under-stressing of heat treated steels combined 
tempering at the same or a higher tempering temperature (with f; 
but not always a decrease in hardness resulting) also produced stren, 
in the nature of an increase in endurance limit. These results point 
the existence of much internal stress in these steels when temperin, 
length of time generally regarded as ample. They indicate further | 
normal tempering time is too short and probably is the greatest f 
lowering the ratio of endurance limit to tensile strength in the harde: 
Further work along these lines may show that the ratio is constant evey 
to very high tensile strengths. 

The endurance limit may in some cases be much above the stati 
portional limit, and in these cases the latter value may not be a tru 
i. e. its location may be the result of internal stresses. In soft 
not so simple to explain why this phenomenon should occur. 

Thus, the endurance limit is the result of a balance reached bet 
two factors, one the deteriorating effect of applied stress and the othe: 
strengthening effect of this same stress. Steel is not isotropic but is co: 
of a large number of small differently oriented crystals. Stress as 
computed is merely an integrated value over all of these minute units 
is, therefore, possible that the endurance limit is the elastic limit or th: 
point of the most disadvantageously located grain. That grain which 
slips is strengthened by cold working and a stress readjustment occurs w! 
causes the next slipping to take place on some neighboring grain si) 
previously strengthened one is more resistant to additional slipping. | 
sequently each grain in turn grows stronger, but once a crack has bee: 
started by a load above that corresponding to the endurance limit of 
bar, great stress concentration occurs at this infinitely sharp submicrosco 
erack and the material is permanently injured; the crack then spre: 
rapidly. Most questions arising in endurance work can be answered by 
consideration of microscopic or submicroscopie features of the metal rath 
than the gross features. 
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Local concentration of stress, either as a result of surface conditio: 
inclusions or specimen design will lower the endurance limit, and the hard 
the steel the more sensitive is it to these conditions. However, the effect o! 
the notch in actual practice is not so great in magnitude as is generally in 
eated by mathematical analysis. Failure of the very small percentag 
properly designed parts is usually due to these individual stress-raising |v 
conditions; this is the reply to the query noted earlier in this report. 

Dr. Gillett referred briefly to the rapid methods of endurance testing 
in particular the measurement of temperature rise to determine the stress 
which sudden change in this rise occurs and also the method of determining 
that stress which produces a sudden change in the deflection of a rotating 
cantilever specimen. On hard steels, and many nonferrous metals that slow 
a particularly low endurance limit by the usual methods, these rapid methods 
give extremely high values. According to Gough, in these rapid met 
time is not available for surface or internal notches to be effective. ‘ons 
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_any effort to employ these rapid methods in inspection for the purpose 
iting material internally defective would not be reliable. 

the discussion that followed this paper, Dr. L. B. Tuckerman ex 
ed the opinion of the engineer on the results of endurance testing. The 
onoineer in order to funetion must produce concrete accomplishment, and in 

1 } .. this uses the best available knowledge. It is true that little is available 

ation the correlation of the strength properties of test specimens with those of 

masses of metal actually employed in construction. This offers a serious 
handicap in design which is too often totally disregarded; it applies to both 
static and dynamic strength data. It is indeed unfortunate that the usual 
isis of design are so purely conventional and that many designs are the 
esult of comparison with studies of previous similar structures. But on truly 
designs even this information is lacking and this feature oftentimes 
unts for failures. Dr. Tuckerman considered the seatter of points in 
fatigue test results as being due to one of two causes,—the degree of re 
ibility of the material and the design of the test specimen combined with 
ick of knowledge of the true stress due to the testing method employed. 

Of these the second cause exerted the greater influence. The effect of 
eterogeneity due to interplay of atomic forces even in the absence of crystal 

i ne structure, varied orientation and included particles was of great import 
hich first nce. Beeause of it, stress can never be truly uniform and this must be borne 
mind in developing improvements in testing and also in the analysis of the 
nature of fatigue. From the engineer’s viewpoint, for static loading design 

should insure freedom from the possibility of movement beyond the elastic 
ane bee inge. In dynamie loading two types must be considered—repeated permanent 
eformation and repetition of stresses that did not produce permanent de 
formation, The latter occurred not only in crank-shafts, turbine shafts and 
e like, but anywhere that vibratory movement was found, even though the 
ibration might be aecidental. 

Referring to the non-ferrous metals, Dr. McAdam mentioned that some 

f the yielded S-N eurves which seemed to have a horizontal asymptote rep 


, resenting the endurance limit. Actually running a test at a billion or more 
1 harde 


| 
eVeles 


was time-consuming, but it was possible to secure sufficient data by 
extrapolation if the portion of the curve in the higher stress ranges were 


more definitely known. In these ranges, however, testing developed consider 


heat, but by the use of water-cooled specimens the earlier portion of the 
rve could be obtained and extrapolation then rendered more certain. Dr. 


MeAdam considered the scatter of points to be due more to non-uniformity of 


+} 
f 


material than to the method of testing (referring particularly to the 


‘ 


rotating beam method). 


term Ly . ° » ° . 

- Many other interesting features were brought up in the course of the dis 
ze 4 ie ‘sion, but space prohibits recording of further details. Jerome Strauss. 
that show 
1 methods FORT WAYNE GROUP 

methods 


e third regular meeting of the Fort Wayne Group was held on June 
Const ', with F. R. Palmer of the Carpenter Steel Company as speaker. He told 


s some things about steel tools and tool steels that they had never 





(Continued on Page 172) 
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NEW MEMBERS OF THE SOCIETY 


EXPLANATION OF ABBREVIATIONS. M represents Member; A represents A 
ciate Member; S represents Sustaining Member; J represents Junior Mem! 
and Sub represents Subscribing Member. The figure following the letter 

the month in which the membership became effective. 










AaBy, HJALMAR, (J-5), machine apprentice, National Lock Co.; mail 
15th Ave., Rockford, Ill. 
ALEKPEROFF, A. A., (M-5), Azneft, Baku, Union of Socialist Soviet Re) 
ANDERSON, H. F., (J-5), chemist, National Lock Co., mail 726 Seminary &t. 
Rockford, Ill. 
ANDERSON, C. O., (M-5), machinist, Rockford Lathe & Drill Co.; ma 
1514, E. Rockford, Ill. 
Apaar, A. D., (J-5), student, Penn State College; mail Alpha Sigma P 
State College, Pa. 
ARMAND, CARON, (M-5), assistant foreman, Canadian National Railways 
mail 4242 Parthenais, Montreal, Canada. 
ATLANTIC STEEL CASTINGS Co., (S-12), Atten: W. A. Faison, Chester, Pa 
ATKINSON, C. T., (A-5), distributor for Production Materials, Ltd.; 163-187 
Dufferin St., Toronto, Canada. 
AUGDEN, C. R., (J-3), student, Case School of Applied Science; mai! 207 
Adelbert Rd., Cleveland. 
AWIOTREST, (Sb-1), mail W. Tscherkassky, Per 2, Moskau, Union Soviet So 
ist Republics. 
BARBER, E. C., (M-5), assistant factory manager, High Speed Hammer | 
mail 313 Norton St., Rochester, N. Y. 
BakRK, C. W., (A-5), vice-president, Samuel Osborn (Canada) Ltd.; mail P. 0 
Box 2199, Montreal, Canada. 
BARRAND, C. D., (M-5), heat treating foreman, Yates-American Machine ( 
mail 726 B-Bluff St., Beloit, Wis. 
) BEAVERS, E. A., (M-4), inspector, Ingersoll-Rand Co.; mail 26 West Stewart 
St., Washington, N. J. 
BECHTOLD, FRANK, JR., (M-5), chemist, Aluminum Die Casting Corp.; 
8 Columbia Ave., Cranford, N. J. 
BECKMAN, E. C., (M-5), foreman, National Lock Co.; mail 1515-7th St., Roc! 
ford, Ill. 
Beers, A. D., (M-6), chief chemist and metallurgist, Illinois Steel Co.; 
612 Virginia St., Gary, Ind. 
BERTRAM, O. D., (M-5), assistant foreman, International Harvester Co. ; 
846 National Ave., Milwaukee, Wis. 
BIBLIOTEKA B. C. H. X., (Sb-1), Liebknecht St. 17/19, Charkoff, Unio! 
Socialist Soviet Republics. 
BorGEHOLpD, A. L. (M-2), chief metallurgist, General Motors Corp. Lal 
oratories; mail 70 W. Euclid Ave., Detroit. 
Bostey, Cart, (M-5), heat treater, H. W. Caldwell & Son Co.; mail 2816 W 
Madison, Chicago, Ill. 
BowEN, G. W., (M-5), shop foreman, S. R. Bowen & Co.; mail 906 Acacia >t. 
Huntington Beach, Calif. 
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Rowen, W. R,, (M-5), heat treater, American Steel Co.; mail 2021 E. &t., 
Granite City, Il. . 

Brappury, W. A., (M-5), manager, Arthur Balfour & Co. (Canada) Ltd.; 
128 Craig St. W., Montreal, Canada. 

BrisBin, P. R., (M-5), heat treat superintendent, McKinnon Industries, Ltd. ; 
mail 196 King St., St. Catharines, Ont., Canada. 

CamMPBELL, R. F., (M-5), foreman tool room, Llewellyn Iron Works; mail 
192014, Preaton Ave., Los Angeles. 

CarLSON, BERNARD, (M-5), machine sub. foreman, National Lock Co.; 
1533-6th St., Rockford, Ill. 

CarLsON, Davip, (M-5), machinist, National Lock Co.; mail 1508-4th St.. 
Rockford, Il. 

CARLSTROM, Victor, (M-4), superintendent, Worcester Stamped Metal Co.; 
mail 9 Hunt St., Worcester, Mass. 

Carrier, A. W., (M-3), chief chemist, Skefko Ball Bearing Co. Ltd., Luton, 
England. 

CarTER, FRANK, (M-5), metallurgist, General Petroleum Corp.; 2525 E. 37th 
St., Los Angeles. 


mail 


Carter, R. P., (J-4), student, Massachusetts Institute of Technology; mail 
397 Commonwealth Ave., Boston. 

CLeGHORN, W. D., (A-5), salesman, J. H. Knapp; mail 4920 Loma Vist: 
Ave., Los Angeles. 

CLINTON, J. E., (M-5), mechanical superintendent, Bay State Tap and Die Co., 
Mansfield, Mass. 

COLEMAN, J. J., (A-5), Canadian manager, Thos. Firth & Sons, Ltd.; mail 
449 St. Paul St., W., Montreal, Canada. 

CONSTABLE, C. E., (M-6), engineer, The National Marking Machine Co.; mail 
4022 Cherry St., North Side, Cincinnati. 

Corton, C. R., (M-5), production manager, Commercial Truck Co.; mail 300 
Hunting Park Ave., Philadelphia. 

CREELMAN, C, E., (M-4), manager, Creelman’s Ltd., Georgetown, Ont., Canada. 

CrouGH, M. W., (M-5), hammerman, Crucible Steel Co., Sanderson Works; 
103 S. Avery Ave., Syracuse, N. Y. 

Dant, J. W., (M-5), supervisor of tools, Pullman Car & Manufacturing Corp. ; 
mail 10834 Wentworth Ave., Chicago. 

DEARBORN PUBLISHING Co., THE, (Sb-1), Dearborn, Mich. 

Ditton, H. J., (J-5), student, University of Notre Dame; mail Corby Hall, 
Notre Dame, Ind. 

Ditty, W B., (A-5), distributor, Production Materials, Ltd., 163-187 Dufferin 
St., Toronto, Canada. 

DIxoN, GEORGE, (M-5), general plant foreman, Canadian-Vickers; mail 
Maisonneuve, Montreal, Canada. 

Douerty & Co., H. L., (Sb-1), 60 Wall St., New York City. Atten: Mrs. 
H. A. Wettmore. 

DOEPKER, JOE, (M-5), tool maker, Tokhenu Oil Pump and Tank Co.; mail 
1120 Clay St., Fort Wayne, Ind. 

DRAKE, LESLIE, (M-5), manager, The Canadian Axle and Harvest Tool Manu- 

facturing Co., Ltd.; mail 1464 St. Patrick St., Montreal, Canada.. 



























































































































































166 TRANSACTIONS OF THE A. S. 8. T. 


DRIESBACH, ALBERT, (J-5), apprentice hardener, O. T. Muehlemeyer; ; 
5th Ave., Rockford, Il. 

DuNK, LAWRENCE, (M-4), carburizer, International Harvester (o.: 
Clay St., Fort Wayne, Ind. 

DuRHAM, J. E., JR., (M-5), vice-president, Bonney Forge and Too 
Allentown, Pa. 

Dyer, A. F., (M-5), foreman welder, Canadian National Railway 
Power Shops, Montreal, Canada. 


EADON, Bert, (M-4), foreman, C. Howard Hunt Pen Co., 7th & Stat 


Camden, N. J. 


EMMERT, R. J., (M-5), tool engineer, Remy Electric Co., Anderson, Ind 
EvANS, GWYNNE, (M-5), metallurgist, forge plant, Chevrolet Co.; mail 199) 


E. Euclid Ave., Detroit. 





iI 
Works 


. 
Moti 


FIELMAN, W. E. M., (M-5), night shop foreman, Cincinnati Milling Mac! 


Co.; mail 2519 Vine St., Cincinnati. 
’ ’ 


FRANCE, R. D., (M-4), senior laboratory mechanic, Bureau of Standard 


mail 716 Decatur, N. W., Washington, D. C. 


FRINK, GERALD, (M-5), president and manager, Washington Iron Works; ; 


6th Ave. So. and Atlantic St., Seattle, Wash. 


GALLAHER, JOHN, (M-5), foreman, Canadian National Railways; mail 


Desaulniers Blvd., St. Lambert, Canada. 


GEIGER, G. F., (M-4), assistant metallurgist, International Nickel (o.; 


104 Richmond St., Huntington, W. Va. 


GoLBy, G. F., (M-6), clerk, Jessop Steel Co., Hamilton, Ont., Canada. 


GORDON, EARL, (J-4), student, University of Michigan; mail 736 S. State St 


Ann Arbor, Mich. 
GRANT, J. L., (M-4), mechanical engineer, The P. & M. Co., 1310 
Exchange Bldg., Chicago. 


GRANT, L. B., (M-5), assistant engineer of tests, Hayes Wheel Co., J 


Mich. 


= 
R L1LiW 


AC KSO! 


GREEN, R. E. (A-15), sales department, Thwing Instrument Co.; mail 


Lancaster Ave., Philadelphia. 


GRIFFITH, M. E., (A-4), salesman, Leeds and Northrup Co.; mail 1179 Sewa 


Ave., Detroit. 

Groz, H. A., (M-5), 7000 Bennet St., Pittsburgh. 

GULDBRAND, ERIK, (M-6), designer, The Niles Tool Works Co.; mai! 
**C’? St., Hamilton, Ohio. 


Haaearty, A. T., (M-5), chief metallurgist, Muncie Products Div., Gene! 


Motors Co., Muncie, Ind. 


Hau, W. J., (A-5), salesman, Production Materials, Ltd.; mail 37 
St., Westmount, P. Q., Canada. 


23] 
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HAMMERSLEY, R. H., (M-11), factory manager, Whitman & Barnes Mfg 


Akron, Ohio. 


HANSON, DANIEL, (M-4), president, Viking Iron Works, Inc., 173-/t! 


Brooklyn, N. Y. 


HARRINGTON, G. G., (M-5), shop superintendent, Reed Roller Bit ( 


2416 McPherson St., Los Angeles. 
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HARRINGTON, P. J., (J-5), student, University of Notre Dame; mail 246 
Sorin Hall, Notre Dame, Ind. 
Harrison, C. M., (M-5), assistant superintendent, International Harvester 


Co.: mail 345 Areadia Ct., Fort Wayne, Ind. 

Harriss, R. H., (M-4), technical adviser and engineer, F’. A. Hughes and Co. 
Ss. A.) Ltd.; mail P. O. Box 3583, Johannesburg, Transvaal, Union of 
South Africa. 

HawLpEy, G. N., (A-5), sales department, Industrial Heating Dept., Westing 
house Eleetrie and Manufacturing Co., Mansfield, Ohio. 

HeipercoTT, W. F., (M-5), instructor in forge shop, Purdue University; 
mail 9 South 8th St., Lafayette, Ind. 

HernricH, L. A., (M-3), laboratory assistant, Ingersoll-Rand Co.; mail Box 84, 
Bloomsbury, N. J. 

HeLLEFORS BruKS AKTIEBOLAG, (Sb-1), Laboratoriet, Hellefors, Sweden. 

Hener, R. P., (M-4), instructor, University of Pennsylvania, Harrison Labor- 
atory, 34th & Spruce St., Philadelphia. 

Hepkiss, C. H., (M-5), steel treater, Canadian National Railways; mail 1085 
Ethel St. Verdun, P. Q., Canada, 

Hewirr, HARVEY, (M-5), sales manager, Southern California [ron and Steel 
Co.; mail Box 602, Huntington Park, Calif. 

High SPEED HAMMER Co. INC., (8-5), 313 Norton St., Rochester, N. Y. 

HisLey, L. P., (M-5), Crucible Steel Company of America, Sanderson Works, 
Syracuse, N. Y 

HOCKMAN, FRED, (M-5), heat treater, National Lock Co.; mail 621 No. Church 
St., Rockford, Ll. 

HubsON, ULIE, (M-2), furnace operator, Indianapolis Tool and Manufactur- 
ing Co.; mail 933 Church St., Indianapolis. 

HuPPMAN, W. D., (M-5), chief chemist, Chevrolet Motor Co.; mail 1995 
Seward Ave., Detroit. 

HuGHEs Toon Co., (8-5), 2445 Enterprise St., Los Angeles. 

[NGERSOLL-RAND Co., (S-4), Phillipsburg, N. J. Atten: G. M. Forrest, Gen- 
eral Superintendent. 

istaD, L. J., (M-5), draftsman, National Carbon Company, Ince.; 
Buena Vista Ave., San Francisco. 


mail 21 


JEFFRIES, F. R., (M-5), foreman heat treating, Templeton-Kenly; mail 640 
North Laramie Ave., Chicago. 

JEHU, LLEWELLYN, Sr., (M-5), assistant foreman, Canadian National Rail- 

way; mail 303 Magdalene St., Montreal, Canada. 

ROBERT, (M-5), vice-president, Milton Hersey Co., Ltd.; mail 84 St. 

Antoine St., Montreal, Canada. 

JOHNS, E., (M-5), superintendent heat treating, Standard Steel and Bear- 
ings, Ine., Plainville, Conn. 

JOHNSON, C, 


H., Jr., (J-4), student, Massachusetts Institute of Technology; 
maul 221 Moody Ave., New Castle, Pa. 


STONE, GEORGE, (M-5), assistant foundry superintendent, Cochrane Corp.; 


mail 237 West 11th Ave., Conshohocken, Pa. 
Jones, R. W., (M-4), metallographist, Bethlehem Steel Co.; mail 341 Vine 


“t., Johnstown, Pa. 


































































































































































































JONES, WILLIAM, (M-5), research department, American Rolling \\j| 
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Middletown, Ohio. 

Kine, Cart, (M-4), superintendent, Palmer Works, Wickwire Spence: 
Works, Inc.; maw 511 North Main St., Palmer, Mass. 

KELLER, GEORGE, (M-5), engineer of tests, Healy Aeromarine Bus (‘v.- 
74 Second St., Keyport, N. J. 

KELLEY Co., THE J. W., (S-2), Atten: J. E. Burns, Jr., Indianapolis. 

Kemp, J. T., (M-6), metallographer, American Brass Co.; mail 36 Irving gt. 
Waterbury, Conn. 

Knox Mra. Co., (8-5), A. L. Dold, president; mail 821 Cherry St., Phila 
delphia. 

KOPPARSBERGS, Stora, (Sub-1), Bergslags Aktiebolag, Falun, Sweden. 

KRANAUER, R, J., (J-5), student, George Washington University; mail 1709 
21st St. N. W., Washington, D. C. 

Kugawa, J. D., (M-4), assistant foreman tool room, Kelsey Wheel Co. 
4108 Junction Ave., Detroit. 

LAHUE, J. J., (M-5), chief storekeeper, Canadian-Vickers, Ltd.; mail 137 
Azilda St., Montreal, Canada. 

LANDERS-F'RARY AND CLARK, (8-6), J. F. Lamb, New Britain, Conn. 

LAURIDSEN, SOREN, (M-5), foreman heat treating department, The Cushman 
Chuck Co.; mail 647 Burnside Ave., Burnside, Conn. 

LittLe, 8. 8., (M-4), metallurgist, Warren Foundry and Pipe Co.; mail 
Box 216, Bloomsbury, N. J. 

LOWE, SAMUEL, (M-5), chief material inspector, Canadian National Railway; 
mail R, R.-Y. M. C. A., Sebastopol St., Montreal, Canada. 

LYONS, JOSEPH, (M-4), heat treater, C. Howard Hunt Pen Co.; 7th and State 
St., Camden, N. J. 

MAIN, R. F., (M-5), chief chemist, Acme Steel Co.; mail Riverdale, Chicago, I!! 

MANNING, E, M.,. (J-5), student, Massachusetts Institute of Technology; mai 
194 Maple St., Lynn, Mass. 

MANNER, J. C., (M-3), general foreman, Bethlehem Stee! Co.; mail 724-8tl 
Ave., Bethlehem, Pa. 

MARTIN, C. H., (A-5), manager Chicago district, Holeroft and Co.; mail 135s 
E. 64th St., Chicago. 

MartTIN, D. W., (M-6), treasurer, Martin Forge Co. Ine.; mail 1002 Ditmas 
Ave., Brooklyn, N. Y. 

MATHESIUS, WALTHER, (M-5), assistant general superintendent; mai! South 
Works, Lllinois Steel Co., Chicago. 

MoCau ey, R. B., (M-5), chemist and metallurgist, Columbia Tool Steel Co.; 
mail Chicago Heights, Il. 

McConkey, T. C., (M-5), superintendent, B. J. Coghlin Co. Ltd.; mail 14 
Highland Ave., Montreal, Canada. 

McCormack, R. J., (M-5), sales engineer, E. F. Houghton & Co.;mail 279 
Fairlawn Ave., Waterbury, Conn. 

McCosu, W. A., (M-4), vice-president, American High Speed Chain Co.; mai! 
227 E. South St., Indianapolis. 

McDonaLp, ALEX, (M-4), superintendent motive power shop, Canadian a 

tional Railways; mail Point St. Charles, Montreal, Canada. 
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\cFappEN, M. C., (M-3), Spee. Dept., Bethlehem Steel Co.; mail 816 Prospect 
\ve., Bethlehem, Pa. 
McFapyeNn, G. L., (M-5), local manager, Crucible Steel Company of America; 
mail 131 St. Peter St., Montreal, Canada. 

vcLacuuin, A. F., (A-5), Montreal manager, Canadian Atlas Crucible Steel 
Co. Ltd.; mail 68 St. Antoine St., Montreal, Canada. 

\leans, C. M., (M-6), chemist, Ingersoll-Rand Co.; mail 918 Spring Garden St., 
Phillipsburg, N. J. 

\lercer, A. E., (M-5), chemist, De Laval Separator Co.; mail R. F. D. No. 3 
Hopewell Junction, N. Y. 

Mever, E. J., (M-4), heat treater, American High Speed Chain Co.; mail 
124314 S. Meridan St., Indianapolis. 

\EZHDUNARODNAYA KNIGA, (4746). (Sb-1), Prospect Volodarskogo, 53 A, 
Leningrad, Union Socialist Soviet Republics. 

\iLTNER, ARTHUR, (M-5), supervisor of tool room, Remy Electric Co.; 1312% 
Meridan St., Anderson, Ind. 

Morse, C. C., (M-5), engineer of tests, Montreal Locomotive Co. Ltd., Mont- 
real, Canada. 

Morrissey, J. W., (A-4), 44 Marshall St., Medford Hills. Mass. 

MouNTAIN, CHARLES, (M-5), chief steel treater, High Speed Hammer Co.; mail 
1225 Lyell Ave., Rochester, N. Y. 

Mue.Lter, E. E., (M-5), metallurgist, Yates-American Machine Co.; mail 
757 Parker Ave., Beloit, Wis. 

Muncie Propucts Div., THE, (S-5), General Motors Corp., Atten: D. O. 
Thomas, general manager, Muncie, Ind. 

NeLson, E. F., (M-5), director, Continuation School; mail 114 Huntington 
St., Hartford, Conn. 

NoaKEs, R. J., (M-5), superintendent, Canadian Penumatic Tool Co. Ltd.; 
mail 25 St. Antoine St., Montreal, Canada. 

Norton, R. B., (M-5), president, Norton Steel Co. Ltd.; mail 126 Craig St. 
West, Montreal, Canada. 

OEHRING, C. A., (A-5), salesman, Crucible Steel Company of America; mail 
5861 Magnolia Ave., Chicago. 

Osporn, L. M., (A-5), sales department, Pacific Gas & Elec. Co.; mail 17th 
& Clay Sts., Oakland, Calif. 

OsGyANI, A., (M-6), chief chemist, Raymond G. Osborne, Commercial Testing 
Laboratory; mail Basement-Rives Strong Bidg., Los Angeles. 

PayNgE, W. A., (M-5), assistant foreman, Canadian National Railway; mail 
241 Woodland Ave., Verdun, P. Q. Canada. 

Paour, FRANK JR., (M-6), foreman heat treat department, Union Tool Co.; 
mail 1610 Amapola Ave., Torrance, Calif. 

PARKER, J. H., (M-5), blacksmith foreman, U. S. Tool Corp.; mail 3303 
Cherry Ave., Long Beach, Calif. 

PAULSON, M., (M-5), superintendent tool rooms, Crane Co.; mail 40 N. Lock- 
wood Ave., Chicago. 

PauLsON, M. R., (M-5), superintendent, Geo. Blimbert & Co., East Chicago, 
Ind. 
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PEMBERTON, LOE, (M-2), furnace operator, Indianapolis Tool and M 
turing Co.; mail 417 W. Norwood St., Indianapolis. 

PETERSON, A. A., (J-5), student, George Washington University; m. 
F St., Apt. 401, Washington, D. C. 

PEVERLY, A. J., (M-6), physicist, Union Tool Co.; mail 614 Hyde Park 
Inglewood, Calif. 

PITTSBURGH STEEL PrRopuctTs Co., (Sb-1), Monessen, Pa. 

PICARD, GEORGES, (M-5), general foreman, B. J. Coghlin Co. Ltd.; 
St. Germain St., Montreal, Canada. 


ma I 
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ar 


POLIVKA, JOSEPH, (M-5), raw material inspector, International |} 
Co.; mail 2533 8S. Turner Ave., Chicago. 

Po-YING YEH, (M-5), metallographic department, Bethlehem Steel (Co.: 
Box 83, Bethlehem, Pa. 

Power, P. C. ,(M-3), metallurgist, Witherow Steel Co 
Ave., Crampton, Sta., Pittsburgh. 

PRODUCTION MATERIALS, Lrp., (8-5), 163-187 Dufferin St., Toronto, Canada 

PULSIFER, H. B., (M-5), metallurgist, Beryllium Corp. of America; 
Euclid Ave., Cleveland. 


-; mail 39 Bradfor 


mail & 

RANDOLPH, A. M., (M-1), engineering representative in U. 8. A., Metropolitay 
Vickers Electric Co. Ltd., Manchester, England; mail P. O. 
Warrenton, Va. 


Box gQ5 


RasH, D. O., (M-5), metallurgical laboratory assistant, Detroit Seamless Ste: 
Tubes Co.; mail 4227 Second Blvd., Detroit. 

REILMAN, F. G., (M-4), machine foreman, International Harvester (o.: 
415 Kinnaird Ave., Fort Wayne, Ind. 

Ripce, A. G., (M-5), foreman elliptic department, Railway Steel Springs | 
Latrobe, Pa. 

Rrecks, C. B., (J-5), student, George Washington University; 129 ©. St 
N. E., Washington, D. C. 

RINKER, RAYMOND, (M-4), welder, Ingersoll-Rand Co.; mail 305 Monroe St 
Easton, Pa. 

Ritrer, H. G., (M-5), chief inspector, Waukesha Motor Co.; mail 556 Elizabet! 
St., Waukesha, Wis. 


RoBERTSON, E. D., (M-5), tool room foreman, H. W. Caldwell & Son Co.; mat! 


413 Elm St., Downers Grove, Ill. 

RopGers, EpwArp, (M-5), foreman machine shop, Canadian National Railway; 
mail 78 Stanley Ave., St. Lambert, P. Q. Canada. 

ROMAN, WILLIAM, (M-5), die-maker, Schlage Lock Co.; mail 1223 O’Farr 
St., San Francisco. 


Rosoogz, D. C., (M-3), inspector, Bethlehem Steel Co.; mail-85 E. Broad St 
Bethlehem, Pa. 


Roscog, E. 8., (M-5), mechanical engineer, High Speed Hammer Co.; mat! 315 


Norton St., Rochester, N. Y. 


Ross, J. D., (A-5), salesman, Taylor & Arnold Eng. Co. Ltd.; mail 582 Earns 
cliffe Ave., Montreal, Canada. 


Roruert, E. R., (A-5), sales manager, gas department, Union Gas and Electri 


Co., Cincinnati. 
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RUSSELL, F. F., (M-5), superintendent shops, Honolulu Consolidated Oil Co.; 
| Box H, Taft, Calif. 

SsELL, T. Z., (M-3), assistant metallurgist, Eaton Spring Co., French Road 


nd Gratiot, Detroit. 


ScHLOSSER, FRED, (M-4), Schlosser Bros.; mail 3619 Emerald St., Philadelphia. 


soHorRMAN, Henry, (M-5), Cincinnati Ball Crank; mail 6613 E. Ledge, 
Vadisonville, Ohio. 

soopp, W. S., (M-5), metallurgist, Republic Lron and Steel Co., Youngstown, 
Ohio. 

SouLLIN STeEL Co., (8-5), H. E. Doerr, general superintendent, St. Louis. 

SHELBY, EDWIN, (M-5), factory superintendent, Star Watch Case Co., Luding 
ton, Mich, 

SKILLMAN, WARNER, (J-5), machine apprentice, National Lock Co. 
119 Paris Ave., Rockford, Ill. 

-yppr, R. C., (M-3), inspector, Bethlehem Steel Co.; mail 474 Berwick St., 
Easton, Pa. 


- mail 


SPROULE, GORDON, (M-1), assistant professor metallurgy at McGill University, 
Montreal, Canada. 

STANDARD STEEL & Berarines, Inc., (8-5), Plainville, Conn. Atten: J. E. 
Melson, General Superintendent. 

STANSFIELD, Pror,. ALFRED, (M-5), professor of metallurgy at McGill Uni- 
versity; mail Chemistry Bldg., MeGill University, Montreal, Canada. 

STEEL TREATING EQUIPMENT Co., (S-6), Atten: G. C. Nixon, president; mail 
7939 Lafayette Blvd., Detroit. 

SrrauB, F. G., (M-5), special research, University of Illinois; mail 113 Chem- 
istry Bldg., University of Illinois, Urbana, IIl. 

SruTzMAN, M, J., (J-1), student, department of chemistry, lowa State College, 
Ames, lowa. 

TavemkA, H, A., (M-5), direetor of education and training, National Lock Co., 
Rockford, Ill. 

lerry, H. K., (M-1), metallurgist, The John Illingworth Steel Co.; mail 3412 
MeKinley St., Tacony-Philadelphia. 

(HULANDER, J. L., (M-5), toolmaker, National Lock Co.; mail 2326 Parmele 
St., Rockford, Ill. 

liaak, F. M., (M-4), gang foreman, Ingersoll-Rand Co.; mail 404-A Thomas 
St., Phillipsburg, N. J. 

loBIN, ©, J., (M-5), metallurgical department, General Motors Research 
Laboratories; matl 10047 Bordeau Ave., Detroit, Mich. 

lOWNSEND, W. M., (M-4), tool supervisor, Montreal Locomotive Works, Ltd., 
Longue Pointe, P. Q., Canada. 

UCHTORFF, ALEX., (M 4), assistant tool foreman, International Harvester Co., 
ort Wayne, Ind. 

UNION ELgerric Light AND Power Co., (8-4), 312 No. 12th St., St. Louis, 
Mo. Atten: T. 8. Carter, Industrial Heating Engineer. 
IVERSAL STEEL Co., (8-6), M. W. Singer, district manager, New England, 
Windsor, Conn. 


VEREINS DEUTSCHER EISENHUTTENLEUTE, (Sb-6), Dusseldorf, Germany. 
































































































































































































TRANSACTIONS OF THE A. 8. 8. T. 


VANCE, C. G., (M-5), foreman, New Departure Mfg. Co., Dept. 38-B-2, | 
Conn, 

VoKAL, P. F., (M-5), manager, Special Tool and Machine Co.; mail | 
6th St., Los Angeles. 

WaGNER, Ross, (M-5), hardener, O. T. Muehlemeyer; mail 923 Morga; 
Rockford, Ml. 

Warp, J. C., JR., (M-5), vice-president and general manager, Hartford Ma: 
Serew Co., Hartford, Conn. 

WASHBURN, T. 8., (J-5), student, Massachusetts Institute of Technology 
533 Newbury St., Boston. 


t fk 
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Wasson, 8. C., (A-5), sales engineer, National Malleable and Stee] Castings 
Co., Indianapolis. 

WaTSON, A., (M-4), assistant foreman patternmaker, Canadian National Rail 
ways; mail 83 Favard St., Montreal, Canada. 

WHITACRE, P. E., (M-6), heat treating department, International Harveste; 
Co.; mail 232 Masterson Ave., Fort Wayne, Ind. 

Wikorr, W. M., (J-5), student, Ohio State University; mail Y. M. ©. A. 
Massillon, Ohio. 

WILpING, H. E., (M-4), material inspector, Canadian National Railways 
3167 Wellington St., Verdun, P. Q., Canada, 

WILLIAMS, C. G., (M-5), mechanical engineer, Barber-Colman Co.; mail 2104 
Melrose St., Rockford, Ill. 

WILLIAMSON, WILLIAM, (M-5), steel treater, Thurner Heat Treating Co.; mail 
485 National Ave., Milwaukee. 


WiLson, J. W., (M-5), general superintendent, Algoma Steel Corp., Sault Ste 
Marie, Ont., Canada. 


* mail 


Wiuson, L, H., (J-5), student, Lehigh University; mail Psi U House, Bethle 
hem, Pa. 

Wirrr, E, E., (M-5), charge of tool planning, J. E. Mergott Co., 316 Jelliff 
Ave., Newark, N, J. 

WooLENS, R, E., (M-5), L. P. Halladay Co., Decatur, II. 

Wricut, A. C., (M-5), consulting engineer, American Metallurgical Corp.; 

mail 52 Mapledell St., Springfield, Mass. 


News of the Chapters 
(Continued from Page 163) 


heard before. The crowd may not have been as big as some they have in 
Chicago or Detroit but the enthusiasm can’t be beaten. 

The speaker announced that his talk was concerning ‘‘steel tools’’ and 
not. ‘‘tool steels.’’ Then followed an excellent lecture on steel tools from 
the standpoint of the designer, the toolmaker, the hardener, the grinder, and 
the user. The talk was practical and the membership went away with the 
belief that the speaker ‘‘spoke from the fullness of his wisdom.’’ The 
members here are getting into the habit of bringing in their steel problems 
and when opportunity for questions was given there were plenty of them. 
Fred C. Smith 
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ADVERTISING SECTION 





: Empl t Service Burea 
SLY << answers care cf A. 8. §. T., 4600 Prospect Ave., Cleveland, unless otherwise stated 
t Ff 
POSITIONS WANTED PC SITIONS WANTED 
St. E EPA RGIST desires connection with growing METALLURGIST, technical graduate, desires posi 
. ell issistant to superintendent, College edu tion with permanence and a future. Experienced in 
five years’ experience in the analysis automotive field, steel-making, and foundry practice. 
(chin : tment, manufacture and control of steel and Capable organizer. Address 7-10, 
achine 


Capable organizer and company man, 


POSITIONS OPEN 


meet F - eid sti os eupesintendent METALLURGIST and Automotive Engineer, who is 
: rALLURGIS1 desires ae wegen” ta i a. expert in the heat treatment of steel, wanted to 
teel plant. College graduate. — eS co-operate with all automotive manufacturers by 


istings : experience in blast furnace, ae - studying their needs for new patented equipment 
’ a furnace practice, having ae ized in the for automatically controlling temperatures. In re 

teel industries, Address 6-25. plying describe experience in a general way and give 

| Rail : = . detailed facts about experience with temperature 


measuring instruments. Address 6-20. 


\ETALLURGIST-CHEMIST, 30, married, desires 
hang Eight years’ experience, embracing alloy WANTED—Young man for metallurgical and an- 
rvester eels, nonferrous alloys; blast furnace, foundry and 
plant materials; knowledge of metallography 
heat treatment; desires responsible position of 


alytical work in laboratory on ferrous and non- 
ferrous metals. Apply in writing, stating experience 
and training. Address 6-40. 





a A pportunity in laboratory, plant or office, utilizing 
' ning. Industrious, conscientious; possessing in- SALESMAN WANTED—To sell Ferro Alloys to steel 
ind ability to produce. — age ew — makers, Must have some knowledge of steel mill 
mail Philadelphia district preferred. Available on practice. Not over 40 years of age. Address 6-60. 
” notice Address 6-35. ST : 
SALESMAN. Graduate of mechanical or electrical 
l 2104 engineering course, preferably from class of ‘23 to 
WANT POSITION AS METALLURGIST. Can take *26, for service and sales work on Hump and Homo 
harge of physical, chemical and microscopic labora- Heat Treating Furnaces. Short training period nec- 
work; supervise all types of heat treating; essary before active field work. Apply by letter 
marl sive experience in case hardening. Have done only, giving age, marital state, education, schools 
sales and service work, College graduate, 36, attended, experience, etc. State salary expected and 
ed Have held responsible positions, No re- enclose photograph. Address—Personnel Dept., Leeds 
It Ste tions as to loeation, a'though central-west pre- and Northrup Company, 4901 Stenton Ave., Phila., 
ed Address 7-5. Pa. 
Bethle 
The Clearing House 
Jelliff . ; 
For the Sale of Used Equipment 
1 time 2 times 3 times 4 times 
{ 1 inch? 5 $ 4.25 $ 4.00 
Rates per Insertion {4 2 inch 8.50 8.00 oT! 7.50 
Corp. ; | 3 inch 11.50 11.00 
[here are 12 lines to an inch. A charge of 40 cents per line will be made for extra lines. 
FOR SALE FOR SALE: Exceptional Leeds & Northrup Furnaces 
: Guaranteed Brand New. Will sell at very great sac- 
Brinell machine rifice. L & N “Hump” Heat Treating Furnace— 
SCIETOSE ‘= : z 1 No. 8058 Furnace, inside dimensions, 8% inches 
| Latest Riehle extensometer for tensile testing ma- in diameter and 22 inches deep. One No. 8551—F 
aaa ‘5 —S Recorder. L & N Drawing Furnace—1 No. 
ave 1D en ee 9262—24 furnace, inside dimensions, 12 inches in 
* = diameter and 24 inches deep. One No. &970 Con- 
FOR SALE—1 Bellis Triple Pot Furnace for High trol Panel. One No. &571—D—D—39 Controller. 
and Speed Steel, pots 10” dia, x 16” deep. Excellent These furnaces were intended to through-harden 
nm, has never been used. Address 7-15. automobile crankshafts made of ball-bearing steel 
; from - - which have been eliminated in the design and which 
— FOR SALE—One Bausch & Lomb F-2 Microscope has made the furnaces Unnecessary. They were used 
litted with two objectives 16mm and 4mm and one only in a test, for a few hours. Address 3-40. 
ith the eyepiece 7.5x, ineluding revolving double nosepiece a _ 
1) : to carry the two objectives. In handsome walnut case 
ic 


‘ith brass lock and key. Excellent condition. Ad- FOR SALE: One Bausch and Lomb Metallurgical 


yblems “he mae olumbus Gear & Pump Company, 318-350 Microscope completely equipped for taking photo- 
“- Second Ave., Columbus, 0. micrographs. In good condition. Will sell at u low 
em. ; price. Address 6-30. 
nith aa n Electric Furnace, new, at a bargain price. 
lure { F 


vw, 





Slightly used Brinell Testing Machine 
new last year. Write Automotive Gear 
Richmond, Indiana. 


FOR SALE—One Stewart No. 10 oven furnace for heat 
treating, annealing and carbonizing; used but a 
short time; in excellent condition. 
Second-Hand Machinery 
eds and Northrup Hump Furnaces in good For Sale by gi 
Address 6-50. Kohler Die & Specialty Co. DeKalb, Illinois 


FOR SALI 


in 
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TRANSACTIONS OF THE A. 8. 8S. T. 


Items of Interest 


L. Gerald Firth was appointed general manager of the Firth-Sterlin 







Company and R. 8. Stevick, works manager, at a meeting of the bo 


directors of that company held recently. Mr. Firth was formerly 
manager and Mr. Stevick his assistant. 









The Philadelphia Rust Proof Company which specializes.in the 
of metals to protect them from rust and corrosion by the processes known 
Parkerizing, the Udylite Process of cadmium coating and Sherardizing 
recently moved and enlarged their plant and are now located at 109 West \ 
gomery Ave. Any visitors to the sesqui-Centennial who are interested in ha 


rust proofing done are invited to call and inspect their plant. 


M. W. Caruthers has taken charge of the Chicago Branch of the Brae! 
Alloy Steel Corporation of Braeburn, Pennsylvania. Mr. Caruthe: 
formerly in the service engineering department of the Crucible Steel Com) 
of America with headquarters at New York. 





Allan K. Hamer, member A. 8. 8. T., formerly metallurgist of Keysto: 
Forge Company, has accepted a similar position with the U. 8. Gauge Compan) 
of Sellersville, Pa. 















The International Nickel Company, 67 Wall Street, New York City, ha 
available Bulletin No. 201 entitled ‘‘ Properties and Applications of Nickel 
Nickel-Chromium Cast Iron.’’ Also Bulletin No. 202 entitled ‘‘ lmpro 
Gray Cast lron With Nickel.’’ 


Ii 





Sent upon request without obligation. 





The National Machinery Company of Tiffin, Ohio, has just issu 
‘* National Forging Machine Talk No, 57.’’ The subject of this talk is ‘‘ lor; 
ing the Ends of Ladder Rungs.’’ An illustration of the die used is given a1 
the process is described. Gratis upon request. 









George R. Hanks has recently been elected vice-president of the Taylo! 
Wharton Iron and Steel Company, of High Bridge, N. J., to succeed the 
Victor Angerer, who died on May 5. He was formerly superintendent and 
later acted in the capacity of assistant to the president. 


Alan Jackman is now manager of the Cleveland sales office of E. 8. Jac! 
man and Company, Chicago dealers in tool steels. Mr. Jackman forme! 
resided in St. Louis and was connected with the St. Louis and Chicago branch: 
of his company. 


(Continued on Page 36 Adv. Sec.) 


















































ADVERTISING SECTION 


| FRENCH METALLOGRAPHIC 
| EMERY PAPER | 











5 || METALLOGRAPHIC Better 
; || 225mm X 335mm Specimens 
M | MADE IN FRANCE in less 
FISHER SCIENTIFIC CO. . 
é || PITTSBURGH, PA Time 
| Fisher Scientific Co., United States Distributor ‘ 


7 HIS paper is specially prepared for the fine grinding of metallographic 
specimens; each number is carefully graded. 





pany : || Recommended by the A. S. T. M.; also by most of the new text books. 


| The three (3) finest grades, No. 0000, No. 000, and No. 00 are recom 
ha mended for the final grinding, before polishing with Fisher Levigated 
\lumina. The (finest) No. 0000 grade is used for the last grinding of softer 
metal specimens, the No. 000 grade for specimens of medium hardness, and 
the No. 00 grade for the final grinding of hard metals. The coarser grades 
ire used for the different stages of preliminary grinding. 


The No. 0000 is the finest grade, and the fineness of the other grades 


ea | varies in the sequence in which they are listed. 
| Grade No. ..... 0000 000 OO 0 1 1G 2 
“1 | . 
} Per 10 sheets.. $ .65 .60 50 50 50 50 iO 


| Per 100 sheets.. $5.35 1.75 4.00 4.00 1.00 4.00 4.00 


vik —_——__——— wo ——————_—— — a 


The new Fisher Catalog has a metallurgical section—pages 432 to 439) 





“ — Fisuer Screntiric Company 


PITTSBURGH, PA.US.A. 


( Formerly Scientific Materials Company ) 








When writing to Fisher Scientific Company please mention TRANSACTIONS 


TRANSACTIONS OF THE A. 8. 8. T. Juh 

Prof. Bradley Stoughton, head of the department of metallurgy 0: 
University, Bethlehem, Pa., sailed for Europe June 5 on the ‘‘(| 
During his three months’ trip abroad Prof. Stoughton will visit th: 
lurgical departments of several German, British, French and other uni 


nigh 
v0.78 
netal 
bles 

F. F. Harter has recently been made branch manager at Philadel; 
the Crucible Steel Company of America, New York. His headquarters ar; 
Callowhill Street, Philadelphia. 


a tor 


1224 


Tl. EF. Rose, formerly assistant branch manager of the Chicago office { 
Timken Roller Bearing Service and Sales Company, Canton, Ohio, ha 
appointed manager of the Cincinnati branch. 


For 


| een 


H. C. Sauer has been appointed manager of the Detroit branch. H, 


’ Was 
formerly assistant branch manager at Cleveland. 


Leonidas Merritt, discoverer of the first iron ore at the western end of 
the Mesaba range, died recently in Duluth at the age of 82. 


W. B. Dilley has joined the staff of Production Materials, Ltd., Canadian 
representatives of E. F. Houghton and Company, Philadelphia, in the capacity 
of distributor for Toronto. 

Dr. Albert Sauveur, professor of metallurgy, Harvard University, Cam 
bridge, expects to sail for Europe on July 3, returning September 8. He plans 
to attend the meeting of the Institute of Metals (British) at Liege, Belgium, 
and also the meeting of the Iron and Steel Institute which is to be held in 
Stockholm, Sweden. 

The Los Angeles chapter has instituted a course of metallurgy under the 
direction of Prof. W. H. Clapp, instructor of metallurgy at the California 
Institute of Technology. 


The response for enrollment is quite heavy and the first meeting was held 
in the conference room of the Westinghouse Electric and Manufacturing Com- 
pany at 7:30 p. m. on Tuesday, June 29. The first lecture presented was ‘‘ Iron 


and Industrial Progress.’’ Other lectures of the course will follow regularly 
on each Tuesday evening. 


The United States Civil Service Commission announces thea following 
open competitive examination for the position of Metallurgical Laboratorian. 
Applications for this position must be on file at Washington, D. ©., not 
later than August 7. The date for assembling of competitors will be stated 
on the admission cards sent applicants after the close of receipt of appli- 
cations. 

The examination is to fill vacancies at the Naval Academy, Annapolis, 
Md., at $4.32 a day, and vacancies occurring in the Federal classified field 
service throughout the United States. 

Full information and application blanks may be obtained from the 
United States Civil Service Commission, Washington, D. C., or the secretary 
of the board of U. 8. civil service examiners at the post office or custom- 
house in any city. 
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